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To the HoNoVRABLE 


Sir RICHARD GROSVENOR, of 
Eaton, in the County Palatine 
of Cheſter, Baronet. 


s J R. 
HEN requeſted by ſome Bookſellers i in 
" London, to Reviſe and Prepare this Trea- 
tiſe for a New Impreſſion, and once re- 
lied to anſwer their Demands; I was not long 
conſidering at whoſe Feet to lay it. 
My Memory may indeed be impaired by Age, 
Misfortunes, and Accidents ; nay, I am erfible = 
is ſo: But it muſt be entirely loſt, when I am 
| forgetful of the great Obligations I lie under to 
dir Richard Groſvenor. 
Four Hoſpitality and Generoſity make you and 
unenvied in the Abundance of Fortune. Any Up- 
ſtart may contrive to ſpend a Great Eſtate; but it 


is a Felicity almoſt peculiar to Great Birth to become 


One. 


Were I now to deſcribe Liberality, without Pro- 
fuſeneſs; Steadineſs in Principles, without any pri- 
vate View; Candour and Affability, Good Nature 
joined to ſound Judgment, and a Serenity of Tem- 
per, which your Enemies will always find the Com- 
panion of true Courage; and then pronounce that 
you are poſſeſſed of all theſe good Qualities in as 
high a Degree as moſt Men living; No Gentleman 
that knows you well, would think I flattered you. 
b A 2 | Sir, 


* aan dt * 


The DEDICATION, 


Sir, Give me Leave to fay, I honour your Cha- 
rater, and love your Perſon: My Expreſſions are 
uncourtly, my Stile unpoliſhed, and therefore more 
proper to be prefixed to a Work wherein the Matters 
related are indeed clad in a plain and homely Dreſs; 
but they are true, and deſigned to propagate Ma- 
thematical Learning among ſuch as deſire to be in- 
troduced into that Sort of Knowledge ; - and Fam 
extreamly pleaſed they are permitted to be ſent into 
the World under your Protection. 

That you may long live, to promote the Good 
of your Country, and that City in whoſe Intereſt 
you have ſo heartily engaged yourſelf ; and that you 
may ever ſucceed in your own private Affairs, and 
live to enjoy all the Bleſſings that attend a quiet, 

e — is the earneſt TO of, 


Honoured $ I R, 


Your moſt OBliged, H. umble, 


and Obedient Servant, 


To "the READER. 


Think it 50 Fe * endleſs) to run over all the 
Uſefulneſs and Advantages of Mathematicks in General; and 


e therefe efore only touch upon thoſe two admirable Sciencet; 
Arithmetick and Geometry; . which are indeed the two grand 


f Pillars (or rather the Foundations) upon which all other Bam 77 


Mathematical Learning depend. 


As to the Uſefulneſs of Arithmetick, it is well Jnown that no 
Buſineſs, Commerce, Trade, or E mployment whatſoever, even from 
the Merchant to the 2 -keeper, &c. can be manages ans ele 
en, without the Aſſiſtance of Numbers. 

And as to the Uſe ml, ern, it is as AT; that no 
curious Art, or abantet. ork, can either be invented, improved, 
or performed, without it's affj ling Principles; tho perhaps the 
Artift, or Workman, has but little (nay ſcarce any) Knowledge i in 


Geometry. 


Then, as to the Advantages that ariſe from both theſe Noble 
Sciences, when duly joined together, to aſſiſt each other, and then 
apply'd to Practice, (according as Occaſion requires) they will 
readily be granted by all who conſider the vaſt Advantages that 
accrue to Mankind from the Buſineſs of Navigation only, As alſe 


from that of Surveying and Dividing of Lands betwixt Party and 


Party. Beſides the great Pleaſure and Uſe there is from Time- 
keepers, as Dials, Clocks, Watches, &c, All theſe, and a great 
many more very uſeful Arts, (too many to be enumerated here) 
wholly depend upon the qſoreſaid Sciences. 

And therefore it is no Wonder, That in all Ages fo many Ingenious 
and Learned Perſons have employed themſelves in writing upon the 
$4bjeft of Mathematicks ; but then moſt of thoſe Authors ſeem to 
preſuppoſe that their Readers bad made ſome Progreſs in that Sort of 
Learning before they attempted to peruſe thiſe Books, which are 
generally large Volumes, written in ſuch abſtruſe Terms, that young + 
Learners were really afraid of looking into thoſe Studies, 

Theſe Conſiderations firſt put me (many Years ago) upon the 
Thoughts of endeavouring to compoſe ſuch a plain and familiar In- 
troduction to the Mathematicks, as might encourage thoſe that were 
willing (to ſpend ſome Time that Way) to venture and proceed on 
with Chearfulneſs ; th perhaps they were wholly ignorant of it's 


firſt Rudiments, Therefore 1 began with their firſt Elements or 
Principles. 
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. for his Uſe. 


The PREFACE 


That is, I hom with an Unit in Arithmetich, and a | Pein in 
Geometry; and from theſe Foundations proceeded gradually on, lead- 
ing the young Learner Step by Step withall the Plainneſs T could, &c. 

And for that Reaſon I publiſhed this Treatiſe (Anno 17 07) by 
the Title of the Young Mathematician's Guide; which has anſwered 
the Title ſo well, that I believe I may truly fay (without Vanity) 


this Treatiſe hath proved a very helpful Guide to near five thouſand 


Perſons ; and perhaps moſt of them! fuch as would never have looked 
into the Mathematicks at all but for it. 


And not only ſo, but it hath been very well een amongſt the 


Learned, and (1 have been often told) /o well approved on at the 


Univerſities, in England, Scotland, and Ireland, that it is ordered 
to be publickly read to their Pupils, Kc. 


De Title Page gives a ſhort Account of the undd! Parts treated 
of, with the Corrections and Additions that are made to this 


Twelfth Edition, which I ſhall not enlarge upon, but leave the Book 


to ſpeak for itſelf; and if it be not able to give Satisfaction to the 
Reader, I am ſure all I can ſay here in it's Behalf will never re- 


commend. it. But this may be truly ſaid, That whoever reads it 


over, will find more in it than the Title doth promiſe, or perhaps he 


expect : it is true indeed, the Dreſs is but Plain and Homely, it being 
wholly intended to inſtruct, and not to amuſe or puzzle the young 


Learner with hard Words, and obſcure Terms : However, in this 
I Hall always have the Satisfa&tion ; That I have ſincerely aimed 


at what is uſeful, tho in one of the meaneſt Ways; it is Honour 
enough for me to be accounted as one of the Under- Labourers in 
clearing the Ground a little, and removing ſome of the Rubbiſh that, 
lay in the May to this Sort of Knowledge, How well I have ber- 


formed That, muſt be left to proper Tudges. 


To be brief; as I am not ſenfible of any Fundamental Error in 


this Treatiſe, ſo I will not pretend to ſay it is without Imperfectiom, 


(Humanum eſt errare) which J hope the Reader will excuſe, and 
paſs over with the like Candour and Ceed. Mill that it was compoſed 
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PART L 


PRACOGNITA 


HE Buſs meſs 'f Matiemedcks, both i in Theory and 
Practice, 7s to ſearch out and determine, from given 
Data, the true Quantity, either of Matter, Space, or 
Motion, according as Occaſion requires. = 

By Quantity of Matter is here meant the Magnitude, or Big- 
neſs of Bodies (of the ſame Denſity ) whoſe Length, Breadth, and 
| Thickneſs, may either be meaſured, or eſiimated. 

By Quantity of Space is meant the Diſtance which a Bady moves 
over in a given Time, with a certain Velocity. 

And by Quantity of Motion is meant the Pens of any — 
Body drawn into its Quantity of Matter. 

The Conſideration of theſe, according as they may be propoſed, are 


4 the Subjects of the Mathematicks, bt chiefly that of Matter. 


Now the Conſideration of Matter, with reſbect to it's Quantity, 
Fa and Poſition, which may either be Natural, Accidental, or 
| Deſigned, may poſſibly admit of i infinite Fartetics : But all the Va- 


£ 1 rieties that are yet known, or indeed can be conceived, are who.ly 
= comprized under the due Conſideration , 


theſe two, Magnitude 
and Number, which are the proper Subjects of Geometry, Arith⸗ 
metick, and Al gebra. All other Dee of the Mathematicks bn 


| only the 1 of theſe three ce ar rather their Applicatian 


to particular Caſes, 


B Geometry 


—ͤ—ü— 


Geometry 7 a Science by which we ſearch out, and come to 
not, either the whole Magnitude, or ſome Part of any propoſed 
Quantity; and is obtained by. comparing it with another known 


Quantity of the ſame Kind, which will always be one of theſe, 


viz. A Line, (or Length only) A Surkate, (that is, Length 
and Breadth) or a Solid, (which hath Length, Breadth, and 


Depth, or Thickneſs) Nature admitting of no other Dimenſions 


but theſe Three. Tn” 
Arithmetik 5 @ Science by 0, we come to Ano what 
Number of Quantities there are (either real or imaginary) of any 
Kind, contained in another Quantity of the ſame Kind : Now this 
Conſideration is very different from that of Geometry, which ts 
only to find out true and proper Anſwers to all ſuch Qugſtions as 


demand, how Long, how Broad, how Big, Sc. But when we 


confider either more Quantities than one, or haw often one Quan- 
tity is contained in another, then we have recourſe to Arithmetick, 
which is to find out true and proper Anſwers to all ſuch Queſtions as 
demand, how Many, what Number, or Multitude of Quantities 
there are. To be brief, the Subject of Geometry is that of Quan= 


tity, with reſpect to it's Magnitude any; and the Subject of Arith- 


metick is Quantities wh reſped? to their Number only. 

Algebra z a Science by which the moſt abſtruſe or difficult 
Problems, in Arithmetick cr Geometry, are Reſelved and Demon- 
frrated ; that is, it equally interferes with them both; and there- 
fore it is promiſcuoufly named, being ſometimes called Specious 
Arithmetick, as by Harriot, Vieta, and Dr Wallis, &c. And 
ſometimes it is called Modern Geometry, particularly by the late 
ingenious and great Mathematician Dr Edmund Halley, Savilian 


Profeſſor of Geometry in the Univerſity of Oxford, and Royal 


Aſtronomer at Greenwich; who, in giving the following Inſtance of 


the Excellence of our Modern Algebra, writes thus : 

© The Excellence of the Modern Geometry (ſaith he) is in 
nothing more evident, than in thoſe full and Adequate Solutions 
it gives to Problems; repreſenting all the poſſible Caſes at one 
View, and in one general Theorem many Times comprehending 
© twhole Sciences; which deduced at length into Propoſitions, and 
* demonſtrated after the Manner of the Ancients, might well be- 
come the Subjects of large Treatiſes: For whatſoever Theorem 
ſolues the moſt complicated Problem of the Kind, does with a 
due Reduction reach all the ſubordinate Caſes.” Of which he 
gives a notable Inſtance in the Doctrine e, Dioptricks for finding 
the Foci of Optic Glaſſes univerſally. (Vide Philoſophical Tranſ- 
actions, Numb. 205). | 


Thus 


J Mk 


4 
8 
> 
2 
"XB 
$55 
e 
BR 
j 44 
53 
LY 
* 2 
1. - 
„ 
LY 
15 
T. 
7 
I's 
ul 
* 
„ 
8 
425 
** 
7 
"LN 
3 
* 
L2H 
> oa 
e 
#5 
KI ö 
ö 8 
LIES 
. 
2 
. 
Ar: 1 
FN 
1 
2 
3 
1 W- 
1 
= hy 
ma 0 
© ry 
BL WE 
3 * 
EARL 
25 3 
3 
er 
* 
arts 
$47 18 
> * 
IF 
4 
14 
3 
pl 4 
* 
«Tb 
. 
Ef 
1 
* 
2 
77 
ht 
40% 
as 
THEY 
at 
3 
e 
* 
We 
298 
32 
Ss 
"oa 
FI-Y 
2 
5 IF 
= 
[02 
"AZ 
. [4 


NN N 
. n 
e 
i 1 
rern 2. 
3 5 
. 


e 
8 
. 


Bj. 
F: 
Fen 
222 
1 en 
7 
** 
* Lg 
"4 
5 


r 

* by OE 
. 
2 7 2 


Cal 


n 
SS 
« 13 +; 
da IR 
e 
* 1 , 


> 3 . 5 
5 8 xg 2 
3 "a, 32 
3 

22 2 


e * 7 * 1 
n n oe © bs 292 Ch. I» 
— B r 
2 = 3. 5 * 3 
„( a THT NY 
bY = . 
' * n 


- —— "ox n 
A wo EI 32 N 
n 8 
33 r 
E 
2 S 


4 


Chap. 3 Of Characters. 


PR: — PI — 


Thus you have a ſhort and general Account of the proper Subject 
of thaſe noble and uſeful Sciences, Arithmetick, Geometry, and 
Algebra. I hail now proceed io give a particular Account 6 
each; and firſt of Arithmetick, which is the Baſis or Foundation 
of all Arts, both Mathematick and Mechanick ; and therefore it 
ought to be well underſtood before the reft are meddled withal. 
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C HAP. I. 


Concerning the ſeveral Parts of Arithmetick, with the De- 
finition of ſuch Characters as are uſed in this Treatiſe, 


YRirhmetick, or the Art of Numbering, is fitly divided into 
three diſtinct Parts, two of which ate properly called Natu- 
ral, and the third Artificial. | 8 
The firſt, being the moſt plain and eaſy, is commonly called 
Vulgar Arithmetick in whole Numbers; becauſe every Unit or 
Integer concerned in it, repreſents one whole Quantity of ſome 
Species or thing propoſed. „ . 
The ſecond is that which ſuppoſes an Unzt (and conſequently 


the Quantity or thing repreſented by that Unit) to be Broken or 


Divided into any Number of equal Parts, and conſiders of them 
either as pure Parts, viz, each leſs than an Unit, or elſe of 
Parts and Integers intermixt. And is uſually called the Doctrine 
of Vulgar Fraftions, 
The third, or Artificial Part, is called Decimal Arithmetick ; 
being an Artificial Invention of managing Fractions or Broken 
Numbers, by a much more commodious and eaſy Way than that 
of Vulgar Fractions: For the ſeveral Operations performed in 
Decimals, differ but little from thoſe in Mole Numbers: and 
therefore it is now become of general Uſe, eſpecially in Geome- 
trical Computations. + : 
Arirhmetick (in all it's Parts) is performed by the various 
ordering and diſpoſing of Ten Arabic Characters or Numeral 
Figures (which by ſome are called Digits.) | 
SY One, Two, Three, Four, Five, Six, Seven, Eight, Nine, Cypher. 
J 8 


The Uſe of theſe Characters is ſaid to be firſt introduced into 
England more than fix hundred Years ago, viz, about the Year 


1730, vide Dr Wallis's Algebra, Page 12. 
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"HE Arithmetick. 


une firſt of theſe Characters is called Unity, and repreſents one, 
of any Kind of Species or Quantity. As one World, one Star, 
one Man, &c. 

Viz. Unity is that by which every thing that is, is called one, 
( Euclid. 7. Def. 1.) and is the beginning of all Numbers. That 
is to ſay, Number is a Multitude of Units. Euclid. 7. Def. 2. 

For, one more one, make Two; and one, more one, more 


one, make Three, &c. hich is the firſt and chief Poſtulate, 0 or 


rather an Axiom in Arithmetick. 


N i That 1+1=2. 1+1+1=3. iro. 
4 I-FI+I+IFH=S. And ſo on to 9. 


Nine of theſe Figures were thus compoſed of Units, and dif- 


ferently formed to repreſent ſo many Units put together into one 
Sum, as was intended each ſhould denote: Nine being the greateſt 
Number of Units that was then thought convenient to 'be expreſſed 


by one ſingle Character; the laſt of the Ten is only a Cypher, or 
(as ſome phraſe it) a Nothing, becauſe of itſelf it ſignifies no- 
thing ; far if ever ſo many Cyphers be Added to, or 8 

from, any Number, they can neither increaſe nor diminiſh that 


ubſtracted 


Number ; but yet, as a Cypher (or Cyphers) may be placed, the 
other Figures, will become of different Values from what they 


were before, as will appear further on. 


For the more convenient ordering of the aforeſaid Numeral 
Figures according to the ſeveral Varieties that happen i in Compu- 
tations ; 1 do adviſe the young Learner to acquaint himſelf with 
the Signification of the following Algebrarck Signs or Characters, 


which he will find of excellent Ute, as being a ſhorter, better, 


and much more ſignificant Way of denoting what is to be done, 


(in moſt Operations) than can otherwiſe be expreſſed in Words 
at length, | | 


SIGNIFICATIONS. 


The Sign of Addition ; as 8+7 is 8 more 7, 
and lignifies that the Numbers 8 and 7 are to 
be added into one Sum. The like is to be un- 


derſtood when ſeveral Numbers are connected 
together with the Sign 


Sigus Names. 


mare, 


'As 34+2249+45, Dee. denotes theſe * 


8 to be 0 


to one SUN, 
CB >. | 
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3 The Sign of Subſtraftion ; as 9—6 is 9 leſs 
Gn 5 | Minus ls, and ſignifies that 6 is to be taken from q, 
that ſo their Difference may be found. 


to 6, and ſignifies that ꝙ is to be Multiplied 
into or with 6. 1 


0 The Sign of Multiplication; as 9X6, is q in- 


The Sign of Diviſn; a8.8 2, is 8 by 2, 
and ſignifies that 8 is to be Divided by 2, alſo 
thus 2) 8 (4 or thus 3; each ſignifying the ſame 


thing, to wit, 8 Divided by 2. 


i The Sign of Equality or Equation, viz. when 
this Sign = is placed betwixt Numbers (or 
Quantities) it denotes them to be equal; as 
9=9, or 9g +6 = 15, or 9g 6 = 2, &c. That 
is, 9 is Equal to , or 9 more 6 is Equal to 15, 
and 9 leſs 6 is Equal to 3, G. 


The Sign of Proportion, or that commonly 
\ called the Golden Rule, or Rule of Three, and 
::: is always placed betwixt the Two middle 
Terms or Numbers in Proportion. Thus 
2:8::6:24. To be read thus; as 2, is to 8; 
ſo is 6, to 24. g 


= Theſe Signs and their Significations, being perfectly learnt, 
will help to ſhorten the Work, _ 
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Concerning the Principal Rules in Arithmetick, and bow 
f they are performed in Whole Numbers. 


— 


| "F HE Rules by which Numerical Operations are performed 

=: 1 in all the Parts of Arithmetick, are many and various, 

ſeveral of them being formed and raiſed as Occaſion requires, 

= when applied to Practice; yet they are all comprehended within 

the due Conſideration of theſe Six, vis. Numeration (or 45 
. tation 
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tation) Addition, Subtraction, Multiplication, Di* 
bond and Evolution, or Extraction of Roots. 


Seck. ** Numeration or Notation. 


Numeratſon, or Notation, teacheth to Read or Expreſs the 
true Value of any Number when writ down ; and conſequently 
to write down any propoſed Number according to it's true Value 
when it is named: And this conſiſteth of Two Parts. 


1. The due Order of placing down Figures. 
2. The true valuing of each Figure in it's Place. 


Both which are plainly exhibited in the following Table, 
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By this Numeration Table it is apparent, that the Order of | 


Places is reckoned from the Right-hand towards the Left ; the 4 Z 
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firſt Place of any Number being always that which is the out- 3 


moſt Figure to the Right-hand : and whatever Figure fands in 


that Place, doth only ſignify it's own ſimple Wee VIZ, 0 , 


many Units as that Figure repreſents. 


The ſecond Place is that of Tens, and any Heure ſtanding i in 4 


that Place ſignißeth ſo many Tens as that Figure repreſents Units. 
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| 2. Of Numeration. i 
The third 1 is Hundreds, the fourth Place Ti TTY &c. 
That is, each Place towards the Left-hand is Ten Times the 
Value of that next it, towards the Right. 

For Inſtance, ſuppoſe 7 $9 were propoſed to be read or pro- 
nounced according to the Value of each Figure as they now 
ſtand. The firſt Figure in this Sum is 9, becauſe it ſtands in 
the Place of Units, and therefore ſignifies but it's own ſunple Va- 
lue, to wit, 9 Units, or 9. The ſecond Figure 5 ſtands in the 
Place of Tens, and therefore ſignifies Five Tens or Fifty. The 
Figure 7 ſtands in the third Place, or Place of Hundreds, and 
therefore it ſignifies Seven Hundred; and the whole Sum is to be 
read or pronounced thus, Seven Hundred Fifty Nine. 

Note, Although the Figure 7 ſtands in the third Place (accerd- 
ing to the Order of Numbering) yet when the whole Sum comes 
to be read, it is firſt pronounced; the reading of Numbers being 
performed like that of Letters or Words, always beginning with 
the outmoſt Figure towards the Left-hand, and ſo many Figures 
as are placed together without any Point, Comma, Line, or other 
Note of Diſtinction between thems are all but one Sum, and 
muſt be read as ſuch. 
| For Example, 7635906 is but one entire Sum or Number, not- 
withſtanding it conſiſts of fix Places of Figures, and is thus 
read; Seven Hundred 8. ixty Three e Five Hundred 
; | Ni Inety Six. | 
he like is to be obſerved in reading or expreſſing the true 
| 6 Value of any Sum or Rank of Numbers conſiſting of Seven, Eight, 
br | Mine, or more Places of Figures, each Figure being to be valued 

= according to it's Diſtance from the Place of Unity: As in the 
foregoing Table. 
Now fuch Values may as well ariſe by Cyphers, as by other 
Figures; for inſtance, 6 ſtanding by itſelf, repreſents but Six 
Units But if a Cypher be annext to it thus, 60, then it becomes 
= 9:xty; for the Cypher poſſeſſing the Place of Units, hath hereby 
removed the 6 into the Place of Tens; and another Cypher more 
1 would make it 600, Six Hundred, &. 
1 Whence it may be noted, that although a Cypher of itſelf 
: © ſignify nothing (as hath been laid before) yet being placed on the 
5 Right- hand of any Figure, it augments the Value of that Figure 
: by advancing it into a higher Place than otherwile it would have 
been, had not the Cxpher been there. 
| Take one Example more in Numeration (if you pleaſe, that 


in the Table) viz. 678987054321, which is, according as is 
= a there ſignified, 
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8 = Artthmetick. Part J. 
Sir Hundred Seventy Eight Thouſand Millions, 
Nine Hundred Eighty Seven Millions, 

Six Hundred Fifty Four Thouſand, 
Three Hundred Twenty One Units; of any propoſed Species 
or Quantities whatſoever, 


And here it may be obſerved, that every third Figure from the 
Place of Units, bears the Name of Hundreds ; which ſhews that 


jf any great Sum be parted, or rather diſtinguiſhed into Periods, 


of Three Figures in each Period (as in the foregoing Table) it 


will be of good Uſe to help the young Learner in the eaſier 


valuing and expreſſing that Sum. 
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Sect. 2. Of Addition. 
Poflulate or Petition, 
That oy given Numbe r may be increaſed or made more, by putting 
another Number to it. 
Addition is that Rule by which ſeveral Numbers are collected 
and put together, that ſo their Sum or Total Amount may be 


— — 


known. 


In this Rule Two Things being carefully obſerved, the Work 


will be eaſily performed. 


1. The firſt is the true placing of the Numbers, fs as that 


each Figure may ſtand directly underneath thoſe Figures of the 


ſame Value, viz. place Units under Units, Tens under Tens, and 

Hundreds under Hundreds, &c. | 
Then underneath the loweſt Rank (always) draw a Line to 

ſeparate the given Numbers from their Sum when it is found, 


Example. If theſe Numbers 54327, and 2651, were given t to 


be added together, they muſt be placed 


Thus, 2851 


2. The Coed thing to * TY ESR is the due ColleQing or 3 
Adding together each Row of Figures that ſtand over one ano- 


ther of the ſame Value: And that is thus performed : 
KUL E. 


Always begin your Addition at the Place of Units, and Add 4 5 


together all the Figures that ſtand in that Place, and if their Sum = 


be under Ten, ſet it down below the Line underneath it's own | 


Place; but if their Sum be more than Ten, you muſt ſet down 
only the overplus, or odd Figure above the Ten (or Tens) and js 
many Tens as the Sum of "thoſe Units amount to, you muſt carr) 1 | 
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Chap. 2. ü Of Addition. 9 
to the place of Tens; Adding them and all the Figures tha 
Aland in the place of Tens together, in the ſame manner as theſe 
of the Units were added ; then proceed in the ſame order to the 
place of Hundreds, and ſo on to each place until all is dons, 

The Sum ariſing from thoſe Additions will be the Total Amount 
required. | Tm 


EXAMPLE 1. 
Let it be required to find the Sum of the aforeſaid Numbers, 


E * 8 f 

EE”: x F 
SLES : 

13:72 

5 2 oO ; * 5 1 


3 1 » 56978 the Sum required. VG 
Beginning at the place of Units, I ſay 1 and 7 is 8, which 


being leſs than 10, I ſet it down (according to the Rule) under- 
neath it's own place of Units; and then proceed to the place of 
Tens, ſaying 5 and 2 is 7, which being leſs than 10, I ſet it down 
underneath it's own place of Tens, and proceed to do the like at 
the place of Hundreds, and then at Thouſands, ſetting each of 
their Sums underneath their own reſpective places: Laſtly, be- 
= cauſe there is not any Figure in the lower Rank to be added to 
the Figure 5, which ſtands in the place of Ten Thouſands, in 

the upper Rank, I therefore bring down the ſaid 5 to the reſt, 
placing it underneath it's own place, and then I find that 
= $54327+2651=56978, the true Sum required. 5 


LY 1 — 


or 
o- 


14 | l £ ls 39; ſet down the 9 underneath its own place of Tens, 95 
'm and carry the 30, or three Tens (which indeed is 300) —— 


wn  faying, 3 1 carry and 1 is 4, and 7 is 11, and g is 15, nin 
Y is 20; here becauſe there is no Figure overplus (as before) I (et 


6 down a Cypher underneath the place of Hutdreds, and carry the 


2 Tens (or rather the 2000) to the place of Thouſands, - 8 


. IDO 
10 Arithmetick. Part J. 


(as before) 2 I carry and 3 is 5, which being the laſt, I ſet it 
down underneath it's own place, and all is finiſhed, And find the 
Sum or Total amount to be 5095=3578+496+742+184 +95. 
I this Example be well conſidered, it will be ſufficient to 
ſhew the uſual Method of Addition in whole Numbers; but to 


make all plain and clear, I ſhall ſhew the young Learner the 
Reaſon of carrying the Tens from one Degree or Row of Figures, 


to the next Superior Degree, which is done purely to ſave 
Trouble, and prevent the uſing of more Figures than are really 


neceſſary, as will appear by the following Method of adding 


together the ſame Numbers of the laſt Example. 


Thus, add together each ſingle - [315 
Row of Figures by itſelf; as if there 40% 
were no more but that one Row, 7 
ſetting down the Sum underneath its [ 

_ own place. 


* 
— — 
o 


The Sum of the Row of Units, is | | [215 } 
The Sum of the Row of Tens, is ola 
The Sum of the Row of Hund. is II/ ſoſo 
The three Thouſand brought down |3|0[0[0 


+ | - 


The Sum or Total Amount, as before, is 50 9 5 


From hence I preſume it will be eaſy to conceive the true 
Reaſon of carrying the aforeſaid Tens; and alſo that Cyphers do 
not augment or increaſe the Sum in Addition. (See Page 4.) 

I might have here inſerted a Lineal Demonſtration of this 
Rule of Addition ; but I thought it would rather puzzle than 
improve a young Learner, eſpecially in this place; beſides the 
Reaſon of it is ſufficiently evident from that Natural Truth of 
the Whole being Equal to all it's Parts taken together. Euclid 1, 
Axiom 19, | 


That is, the Numbers which are propoſed to be added toge- - 


ther, are by that Axiom underſtood to be the ſeveral Parts, and 


their Sum or Total Amount found by Addition is underſtood to be 


the Whole. 
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And from thence is deduced the Method of proving the 2 f 
Truth of any Operation in Addition, viz. By parting or ſeparating 


the given Numbers into Two Parcels (or more, according to the 
Largeneſs of it) and then adding up each Parcel by itſelf: For 
if thoſe particular Sums ſo found, be added into one Sum, and | 


that Sum prove Equal, or the ſame with the Total boy 77 1 
pom | | ound, 


a 


Of Subtractlon. 1 


Chap. 2. 
found, then all is right; if not, care muſt be taken to diſcoder 
and correct the Error. 5 
EXAMPLE. 

„ 5947}. W = 
; 3289 The Sum of theſe Parts is 12952 
A | | 4016 "IN 9 | —_ kts 
b 2900) Oe 
= 5007 The Sum of theſe is 9513 
5 16065 — 


— — 


The Total Sum of J 2466 The Sumof each 


- all theſe Parts Parcel put together * 


Sect. 3. Of Sübtraction. 


| | Poftulate or Petition. 


That any Number may be diminiſhed, by taking another leſs 
Number from it. | 


Bubtraction is that Rule by which one Number is deducted 
or taken out of another, that ſo the Remainder, Difference, or 
Exceſs may be known. 5 5 
As 6 taken out of 9, there remains 3. This 3 is alſo the 
Difference betwixt 6 and q, or it is the Exceſs of ꝙ above 6. 

Therefore the Number (or Sum) out of which Subtraction is 

required to be made, muſt be greater than (or at leaſt equal to) 
the Subtrahend or Number to be ſubtracted. . 

Note, This Rule is the Converſe or Direct contrary to Addition. 
And here the ſame Caution that was given in Addition, of 
placing Figures directly under thoſe of the ſame Value, viz. Units 
id under Units, Tens under Tens, and Hundreds under Hundreds, &c. 
Ye muſt be carefully obſerved; alſo underneath the loweſt Rank 

there muſt be drawn a Line (as before in Addition) to ſeparate 
he the given Numbers from their Difference when it is found. 

I! den having placed the leſſer Number under the greater, the 
Operation may be thus performed. 

5 . 
Begin at the Right Hand Figure or place of Units (as in 
Addition) and take or ſubtraft the lower Figure in that place 
= | C 2 | from 
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or Difference underneath its own place. If the Two Figures 


br elſe (. which is all one, and moſt 1 al ) you muſ? call the lower 


ſtand 


. the Figure that onde over it; * down the mr 


chance to be Equal, ſet dtn a Cypher: But if the upper Figure 
be leſs than the Iower Figure, then you muſt. add 10 to the upper 
Figure, or mentally call it 10 more than it is, and from that dum 
ſubtract the lower Figufe, ſetting down the Remainder (as before 
8ireAed). Noto becauſe the 18 thus added, was ſuptoſed to be 
borrowed from the next ſuperior place (viz. of Tens) in the upper 
Figures, therefore you muſt either call ihe upper Figure in that 
place from whence the 10 was borr;wed, one leſs than really it is, 


Figure in that place one more than 1: Tanni is, and then proceed to 
Hh cy in that place, as in the former; and fo gradually an 
from one Row if Figures to another until all be done. 


E X 4 M PL E 5 

Let it be required to find the Difference between 678 5. and 
4572. That is, let 4572 be ſubtracted from 6785. 
Theſe Numbers wan wrote down, as before directed, will 


6785 


Thus 
. 45/2 


221 

Beginning at the place of Units, Jn 2 from 5 and there 
| will remain 3, which muſt be ſet down underneatb it's own place; 
and then proceed to the place of Tens, taking 7. from 8, and 
there will Temain 1, to be ſet down-ungerneath it's own place ; 3 
again, at the place of Hundreds, take 5 ſrom 7, and there re- | 
mains 2, which ſet down, as 8 laſtly, take 4 from 6 and 
there will remain 2, which being ſet down underneath it's own 
place, the Work is finiſhed, and the Difference ſo 1 will be. 
221 3=678 5—4572, as Was required. 


VVV 

The Difference between 5849 and 7496 is required. 
Having placed the Numbers as in the Margin, begin 
at the place of Units (as before) and ſay g from 6 cannot 7406 
be, but 9 from 16 and there remains 7, to be ſet down 5849, 
under it's own place; next proceed to the place of Tens. — 
where you muſt now pay the 10 that was borrowed to 16433 
make the 6, 16, by accounting the upper Figure ꝗ in that 
place one leſs than it is, ſaying 4 from 8 and there remains 4, 
or elſe which! is the moſt practiſed) ſay 11 borrowed and 4. 5 
rom 


Zum. 


en) 
he's 


—— | Ons | — ͤ— 
Chap. 2. Of Subtraction. 13 
from 9 and there remains 4, to be ſet down under it's own place 
(as before); again, at the place of Hundreds, ſay 8 from 4 that 
cannot be, but 8 from 14 there will remain 6 to be ſet down; 
and here I have borrowed 10 (as before) which muſt be paid in 
the ſame manner as the other Io was, v:z. either by calling the 
7 in the upper Rank but 6, ſaying 5 from 6 there remains 1, 
= orelſe by ſaying 1 borrowed and 5 is 6 from 7 and there remains 
1, which being ſet down under it's own place, all is done, and the 
= Difference required will be 1647=7496—5849. 


EXAMPLE 3. 
From 830476 
Take 741068 


Remains 89408 


By this Example you may perceive that Cyphers in the 8yb- 
= trahend, viz. in the Numbers to be ſubtracted, do not diminiſh 
the Number from whence Subtraction is made. See Page 4 
= Theſe three Examples, I preſume, may be ſufficient to ſhew | 
the young Learner the Method of Subtracting whole Numbers; 
as for the Reaſon thereof, it is the ſame with that of Addition, 
5 ae, 10, viz, of the Whale being Equal to all it's Parts taken 
<$ That is, in this Rule the Number from which Subtraction is 
required to be made, is underſtood to be the Whole, and the 
== Subtrahend, or Number to be ſubtracted, is ſuppoſed to be a Part 
of that Whole; conſequently, if that Part be taken from the 
Whole, the Remainder will be the other Part. 

X From hence is deduced the common Method of proving Sub- 
== tration, by adding together the Subtrabend and the Remainder, 
For if the Sum of thoſe T'wo (which are here called Parts) be 
equal to the Number from whence Subtraction was made (which 
is here called the Whole) then the Work is right; if not, care 
muſt be taken to diſcover and correct the Error. | 


b. » EXAMPLE. 
om, 59438 a? 
Take 476083 


Proof f The Sum which is equal to the Number from 
a 59435 1 whence Subtraction was made, 


Or 


Fart I. 


Or — the aboveſad Reaſon, it will be eaſy to conceive Ro | 1 
to . che adn bal hay nag by Subtraction, 


| For i m 59435 being here the whole, 
there be taken 4 7608 as part of that whole, 


there will remain 118 27 the other part (as before) 1 
And if from 59435 the whole, there be e the . 
laſt part, vir. 411, 50 


there will remain 478 the very  Nuidter which was re- 
quired to be firſt onthe MN 


"From — From 7000000 
Take gooo 20 1-5 Take . 980432 


Remains 66643 RED 3568 
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Seck. 4. 0 7 Multiplttation. 


Multiplication i is a Rule by which any given Number may 
be ſpeedily increaſed, according to any propoſed Number of Times. Bi 
That 1s, One Number is "aid 55 ultiply another, when the 
Number multiplied is /o often added to itſelf, as there are Units 
in the Number multiplying ; and another N umber is produced, 
_ (Euclid. 7. Def. 15.) o 
To perform Multiplication, there are required two given Num- 
bers, called Factors. | 

The Firſt is the Number to be multiplied, which 3 is generally 
put the greater of the Two Numbers, and is commonly called 
the Multiplicand. 

The other is that Number by which the Firſt is to be ih: 
plied, and is uſually called the Multiplicator or Multiplier; and 
this denotes the Number of Times that the Multiplicand is required 
to be added to itſelf, For ſo many Units as are contained in the 
Multiplier, ſo many times will the Multiplicand be really added 
to itſelf (as per Euclid above). And from thence will ariſe a 
Third Number, called the Product. But in Geometrical Opera- 
tions it is called the Rectangle of the two Numbers. 0 

“For inſtance; ſuppoſe it were required to increaſe 6 four 
times, that is, to multiply 6 into or with 4. Theſe two Numbers 


are to be ſet (or placed) down as in Addition or Subtraction, . 5 
Thus 


Cx 6 93 


0 


67 Bultiplication. 


6 Multiplicand, 
4 Multiplier, 
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Thus 1 


or Fadtors, 
= Produ 24 viz. 4 times 6 is 24, 
by Addition, viz. By ſetting down 6 four 
times, and then adding them together into one 
= Sum, Thus 


as plainly appeats 
146 
216 


From hence it is evident that Multiplication 
== 7s only a Compendious Way of adding any 24 
tiven Number to itſelf, as many Times as may be propoſed, 

== Before any Operation can be readily performed in Multipli- 
cation, the ſeveral Products of two ſingle Figures muſt be per- 
fectly learned by heart, viz, That 2 times 2 is 4, that 3 times 2 
is 9, and 3 times 6 is 18, Cc. according as they are expreſſed 
in the following Table; wherein I have omitted multiplying with 
1, it being ſo very eaſy that any one may do it, = 


9 


Multiplicarien Table. 


3* 3 9 
3X4=12 
[13X5=15 
[3zx0=18 
3X7 =21 
3x8=24 


4X4=106 
4X5=2 

4x6=24 
4X7=28 
4x8==32 
4x9=36 


"JING ESE 


| 


1X7 249 8x8=04] 
7x8=56{3x9=72]| 
ct. 9x9=S1 


5Xx5=2:<|0x6= 36 
5xb=3cox7=42 
3x7 = 3K 848 
5 Xx 8 CO = 54 


Xx O 2 | 


I think it unneceſſary to give any Explanation of this . 


for if the Signs and their Significations be well underſtood, (vide 
page 5) it mult needs be eaſy. Only this may be noted, that 
ZN, or 7X5=5x7, Sc. W 
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That is, 3 times 4 is the ſame with 4 times 3, or 5 times 7 
is the ſame with 7 times 5, Sc. The like muſt be underſtood 
= of all the reſt in the Table. | | 

And when all theſe ſingle Produd#s are ſo perfectly learned 

by Heart, as to be (aid without pauſing ; you may then proceed 
(but not till then) to the Buſineſs of Multiplication ; which will 
be found very eaſy, if the following Rule (and Examples) be 
== carefully obſerved. ps 


| RULE. 2 
= Aways begin with that Figure which lands in the Units place 
he Multiplier, and with it multiply the Figure w! ich Hands 
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in the Units place of the Multiplicand ; their Product be leſs 
than Ten, ſet it down underneath it's own Place of Units, and 
Wy to the next Figure of the Multiplicand. But if their 

roduR be above Ten (or Tens) then ſet down the Overplus only 
(or odd Figure, as in Addition) and bear (or carry) the ſaid 
Ten or Tens in mind until you have multiplied the next Figure 
of the Multiplicand, with the ſame Figure of the Multiplier; 
then to their Product add the Ten or Tens carried in mind, ſet- 
ting down the Overplus of their Sum above the Tens, as before : 
and fo proceed on in the very ſame Manner, until all the Fi- 
0 of the Multiplicand are multiplied with that Figure of the 7 


ultiplier. 5 by 
EXAMPLE 3. - 3 
Suppoſe it were 1 8 WY 3213 into or with 3. 
: 233213 Multiplicand, ES | 
We 3 3 Multiplier, for Factors. 
Product 9639 | . 3 
Beginning at the Units place, ſay 3 times 3 is 9, which, be- 
cCauſe it is leſs than Ten, fet down underneath it's own place, 
and proceed to the next place of Tens, ſaying 3 times 1 is 3, 
which ſet down underneath it's own place; then to the next place, 
viz. of Hundreds, ſaying 3 times 2 is 6, which ſet down, as 
before; laſtly, at the place of Thouſands, ſay 3 times 3 is 9, 
which being ſet down underneath it's own place, the Operation 
is finiſhed; and the true Product is 9639 = 3213 * 3, as was re- 


quired. TT Es 
Let it be required to multiply 8569 into 8. Set down theſe 7 
Numbers as before, | = 
Thus} 3569 | 
Beginning at the Units place, ſay 8 times 9 is 72, fet down 7 


the 2 underneath it's own place of Units, and bear the 70, or 

Tens in mind, and proceed to the next Figure of the Multi. 
plicand (at which place the 7 Tens are only 7) ſaying, 8 times 
6 is 48, and the 7 carried in mind is 55; ſet down the odd 
_ underneath it's own place of Tens, and carry the 50 (which is | 
really 500) to the next place (viz. of Hundreds) at which 
place it is only 5, where ſay, 8 times 5 is 40, and the 5 car- 
ried in mind is 45; ſet down the 5 underneath it's own place, 


and carry the 40 or 4 Tens (which is really 4000) to the 
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next place, 9%. of Thouſands, ſaying, 8 times 8 is 64, and 4. 
carried in mind is 68. (Now this being the laſt Place or Figure 
to be multiplied) Set down the whole Product 68, and the Work 
is done. Pos 3 | 

So that 8569x8=68552, the Product required. 

Now the Reaſon of this and all other the like Operations, may 
be eaſily conceived from this which follows. | | 


8 5 6 8 ; The ſame Factors as before. 


42 
7 


I | | lere 8 times ꝙ is 72, as before, becauſe the 
1472 9 ſtands in the Units place. „„ 

Now here it is not really 8 times 6 = 48, but 
4|8]o Zit is 8 times 60 480, becaule the 6 ſtands in 

{ the place of Tens. 4 
And here it is not 8 times 5=40, but it is 
4j0j0|o I really 8 times 500=4000, becauſe the 5 ſtands 
| in the place of Hundreds, 

58 T c Laſtly, becauſe the 8 in the Multiplicand ſtands 
64 Joſoſo Jin the place of the Thouſands, it is therefore 8 


„ N | 1 times 8000=0400d, and not 8 times 8 264. 
1 5 6c ©% The Sum of the particular Products, which 
- | | 9.9 1 gives the true Product, as before. 


By what hath been already ſaid, with a little Conſideration 


And when it is required to multiply with more than one, then 
ſo many Figures as there are in the Multiplier, ſo many parti- 
— That is, all the Figures of the Multiplicand, muſt be multi- 
plied with every ſingle Figure of the Multiplier, as if there were 
but one ſingle Figure and the Sum of all thoſe particular Pro- 
duct, will be the true Product required. But in thoſe Opera- 
tions, great Care muſt be taken in ſetting down the particular 
Products (which ariſe by each multiplying Figure) in their proper 
1. places. Which will be eaſily done, if the following Directions 
be carefully obſerved. 7 | 
3 Always place the firſt Figure (or Cypher) of every 
Vin. particular Product, directly underneath the multiplying 
: Figure. Or thus: 55 | 
= The Fir Figure (or Cypher) of the ſecond particular Product 
== mu? fand direftly under the ſecond Figure (or place) of the 
Vi. Product; and the Fir Figure (or Cypher) of the Third 
4 | | 2 particular 
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3 Product, 


"muſt fland directly underneath the Third 


Figure of the Firſt Product: And fo on until all is done. 


Nov the Reaſon of placing the Firſt Figure of every particular 
Product in their Order, will be very obvious to any one that 
conſiders the laſt Example; wherein the Cyphers are only ſet 
down to ſhew the -true Diſtance of the firſt Figure in each 
particular Product from the Units place. 
uſual to ſet down Cyphers in this Manner; yet they are always 
ſuppoſed to be there: That is, their Places are always left void, 
as in the two following Examples ; ; wherein I have placed Points 
inſtead of Cyphers. 


EXAMPLE 3 


| Let it be required to multiply 78094, i into « or with 7 563. 


70094 c Factors. 
7563 . 
234282 The Firſt particular Product with 
468564. The Second particular Product with 
390470. The Third particular Product with 
545658 .., The F ourth particular Product with 


590624922 


The Total, or true Products required, 
E XA N P LE 4: 


Suppoſe it be required to multiply 57498 into 60008. 


57498 
60008 


459954 
344088 TN 


3450339984 


Here you may obſerve, that I paſs over the Cyphers, and ovly = 
take care of placing the firſt Product of the laſt Figure, viz. of 2 


The Produtt with 3 
The Product with 60000 


57408 x60e08, as was required, 


60000, accorcing to the foregoing Directions. 


When there is a Cypher or Cyphers to the Right-hand either bh 
of the Multiplicand or Multiplicator, or to both ; N 
multiply the Figures as before; neglecting the Cyphers until 
the 5 Produtts are added together: Then to their Sum 
annex ſo many Cyphers as are in over or both the Factors. 1 
As in theſe Examples: = 


EXAMPLE 


And altho' it is not 


in that caſe 
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EMP LE S. EXAMPLE6., EXAMPLE 7, 


4 


1 9538 87600 5 78500 
1 | 4600 79 5590 
15 = 57228 7884 7065 
5 38152 6132 4710 
43874800 6920400 © ns 


44666500000 
7 ake a few Examples without their Wark at large. 


75640579 4380071 
687000 356 24457 2000 
5306744 500% 238840447 18 
7901375 * 30000 = 237041250000 
5 37084000 590/00 = 3172555 18800 00 
102030405 x 50403020125 1426405 540261405 
987654321 X 123456789 12193264 1112635269 


Note, If it be required to multiphh any Number with 10, 
TOO, 1000, 10000, Sc. it is only annexing the Cyphers of the 
Multiplier to the Figures of the Multiplicand, and the Work is 
done. „ 


Thus, 92219 18 iss =578000 ” 
| C 570x100=57500. 578x10000==5780000, &c. 


Theſe Examples (being well underſtood) are ſufficient to in- 
ſtruct the Learner in all the Varieties that can happen in Multiply- 
ing of whole Numbers, according to the Method generally prac- 
tiſed: However it may not be amiſs to ſhew here how Multipli- 
cation may be performed (with many Figures) by Addition only. 


EXGIMPLE EY 


Let it be required to multiply 879654 into 79863. 


4 In order to perform this (or any other Operation of this kind) 
© by Addition only, you muſt make a Tariffa or ſmall Table of 
1 the given Multiplicand, in this Manner: 

+4 Firſt, Make a ſmall Column, and in it place gradually down- 


ward the Nine fingle Figures; viz. 1, 2, 3, 4, 5, Sc. 
3 | D 2 Eon 5 Then 
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Then againſt the Figure 1, ſet FTE he Multiplicand 


(which in this Example is 879654) and againſt the Figure 2, 
ſet down the double of the Multiplicand, found by adding 
it to itſelf; to this double aud the Multiplicand, — 
down their Sum againſt the Figure 3. And 


ſo proceed on by a continual Addition, until | x 879654 
there be Ten times the Multiplicand in the | 261759308 
Table; which, if the Werk is true, will be the | 32638962 
Multiplicand itſelf with a Cypher to the | 4135186106 
Right-hand of it, as in the annexed Table. 514398270 
This being done, it will be eaſy to conceive, | 65277924 
that the Figures in the ſmall Column of the 716157578 
Table, do reſpectively repreſent thoſe of thle8/037232 
Multiplier? And that the Numbers againſt. | 9179168806 
any of thoſe Figures in the ſmall Column, will ro 8796540 


be the true Product of the Multiplicand agree- 


ing to any Figure of the Multiplier; as 2 appears by the 
Work of chis Example. 


879654 
Then 708 i} The Ea, as before. 
3, in the Table is en 8 
6, is 5277924 =879654x60 
Againſt4 8, is | 7037232 =879654x800 
Dn - 7916886 =879654x9000 
7, 18 6157578 _ =8796054x70009 


The Product required 702 51 807402 28796 54 * 79863 
Note, This Method of tabulating the Multiplicand, is both 


eaſy and certain; being neither ſubject to Errors, nor burden- 


ſome to the Memory, and therefore in large Calculations it may 


be found very uſeful. But for common Practice the uſual 
1 (as in Page 18, Sc.) is belt, and to be preferred before 
Ms... | 

Moſt Maſters that teach (and ſeveral Authors that write of) 
Arithmetick, ſhew how to prove the Truth of Multiplication, by 
caſting away all the Nines that are contained in both the Factors 
and their Product; but becauſe that Method is very fallible, 
as might be eaſily ſhewn, I ſhall therefore omit inſerting it, 
and Jeave the Proof of Multiplication to the next Section, where- 


in (I preſume) the Reaſon and Proof, both cf it, and 8 Divi on, 
will TY . 
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Set. 5. Of Diviſion, 

Diviſion is a Rule by which one Number may be ſpeedily 
ie from another, ſo many times as it is contained 
therein. 

That is, It ſpeedily Jiſcovers how often one Numder is con- 
tained (or may be found) in another: And to perform that Ope- 
ration there are required Fwo Numbers to be given. 

1. The one of them is that Number which is propoſed to be 
divided, and is called the Dividend. 


2. The other is that Number by which the ſaid Dividend is to 
be divided, and is called the Di uſer. 

And by comparing theſe Two, viz. the Dividend and the 
Diviſor together, there will ariſe a Third Number, called the 
Quotient; which ſhews how often the Diviſor is contained in the 
Dividend, or into what Number of Equal Paris the Dividend is 
then divided. Therefore, 

Diviſion is by Euclid fitly termed the meaſuring of of one 2 
by another, vix. one Number is ſaid to meaſure =o by that 
Number, which when it multiplies, or is multiplied by it, it pro- 
duceth. Euclid 7. Def. 23. 8 

And if a Number meaſuring another, multiply that Number 
by which it meaſureth, or be multiplied by it, it produceth the 
| Number which it meaſureth. Euclid 7. Axiom 
1 That is to ſay, If that Number which divides another (called 
the Diviſor) be multiplied with the Number which is produced 
3 | by Dzvi/ion (called the Quotient) their Product will be the Num- 
ber Divided or Dividend. Whence it follows, that D:vi/ion and 
| Multiplication are the Converſe and Dire& Contrary one to ano- 
| ther (as Subtraction is to Addition) and do mutually prove the 
Truth of each other's Operations. 

I ſhall therefore make choice of the foregoing E xamples in 
= Multiplication, in order (as I preſume) to render the Buſineſs of 

& Diviſion more plain and eaſy, 

Puſt, let it be required to find how often 6 is contained in 24; 
that is, to divide 24 by 6. 
| N. B. Always place down the given Numbers in this Odor : : 
: 1 Firſt ſet down the Diviſor, and to the Right-hand of ic draw a 
== crooked Line; then ſet down the Dividend, and to the Right of 
it draw another crooked Line, in which muſt be placed the 

Ae * or Figures, as they become found. 


Jn 


Thus 
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Thus Diviſer 6) 24 (4 the Quotient. 


This will appear evident by Subtrac- | [24 
tion, as in the Margin; where 24 the = , | 1] 6 
Dividend is ſet down, and from it 6 <= ] 1|7$ 
the Diviſor continually ſubtracted fo '& & 2 6 
often as it can be, which is juſt 4 2 R 
times. Therefore 4 is the true Quo- 2 & 6 
tient or Anſwer required. 8 5 1-2 44 

. 8 HK PE 
Eg |40 
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of the higheſt Value, and decreaſe the Dividend by a repeated +! 


From the Firſt Figure of the Dividend: So often muſt the Second £ 


22 5 Arithmetick. 
5 Dividend. 


Here I conſider how many times 6 there is in 24, and find 
it 4, viz. 4 times 6 is 24, therefore 4 is the true Quotient or 
Anſwer required. . : 


COROLLARY. 
From hence it is evident, that Diviſion is but a conciſe or 
compendious Method of ſubtrafting one Number from another, 
ſo often as it can be found therein; for if the Diviſor be con- 
tinually /ubtrafed from the Dividend, accounting an Unit 
(or 1) for each time it is ſubtracted (as above) the Sum of thoſe 
Units will be the Quotient. „ = 

All Operations in Diviſion do begin contrary to thoſe of 
Multiplication, viz. at the Firſt Figure to the Left-hand, or that 
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Subtraction of each Produ# ariſing from the Diviſor when mul 
tiplied into the Quotient Figure. And the only Difficulty in Di- 
diſion of whole Numbers (or indeed of any Numbers) lies in making 
choice of ſuch a Quotient Figure, as is neither too big, nor too 
little; and that may be eaſily obtained by obſerving the following 
Rule, which hath two Caſes, TIE 


8 1 . 
Caſe 1. As often as the Firſt Figure of the Diviſor is talen 


Figure of the Diviſor be taken from the Second Figure of the 
Dividend, when it is joined with what Remains of the Firſt. 
And as often muſt the Third Figure of the Diviſor be taken from 
the Third Figure of the Dividend, c. | EE 
But if the Firſt Figure of the Diviſor cannot be taken from 
the Firſt Figure of the Dividend, then 5 5 © a 

1 aſe 


Chap. 2. Of Diviſion. 23 
nr | \ 


= Caſe 2. So often as the Firft Figure of the Diviſor is taken 
7 from the Two Firſt Figures of the eee 7 often muſt the 
Second Figure of the Diviſor be taken from the Third Figure of the 
Dividend, when it is joined with what remained of the Second: 
And ſo often muſt the Third Figure of the Diviſor be taken from the 


>; | Fourth Figure of the Dividend, &c. 


That is, the Quotient Figure muſt be ſuch, as being multiplied 


EZ. into the Diviſor, will produce a Product equal to ſuch a part of 
the Dividend as is then taken for that Operation: But if ſuch 
a Product cannot be exactly found, then the next leſs muſt be 
taken, and ordered, as in the following Examples: of which let 

that in Page 16 be the firſt, wherein there was given 8569 the 


BY 1ultiplicand, and 8 the Multiplier. To find the Product 68552. 
Let us here ſuppoſe the ſaid Product 68552, and 8 the Mul- 
tliplier, both given; thence to find the Multiplicand. That is, 
Let it be required to divide 68552 by 8. 


Dividend 5 
Diviſor 8) 68552 ( Quotient when found. 
According to the Rule, Caſe 1. I compare 8 the Diviſer with 


. 6 the Firſt Figure of the Dividend, and finding I cannot take it 
from that, I then conſider (by Caſe 2.) how often 8 can be 


1 taken from 68, the two firſt Figures of the Dividend, and find 


it may be taken 8 times; for 8 times 8 is 64, being the greateſt 
Product of 8 (into any Figure) that can be taken from 68. I 
= therefore place 8 in the Quotient, and with it multiply 8 the 


Diviſor, ſetting down their Proau# underneath the ſaid Two 


= Firſt Figures of the Dividend, ſubtracting it from them, and 
then the Work will ſtand 


Thus 8) 68552 (8 
64 


4 


In order to a Second Operation, T make a Point under the next 
Figure of the Dividend, viz. under the 5, and bring it down 
EZ underneath in it's own place to the Remainder 4, which will by 
chat means become 45. Then I confider how many times 8 can 
bY be taken from 45, aad find it may be 5 times; for 5 times 8 is 
40, I therefore place 5 in the Quotient, and with it multiply 8 
= we Diviſor, ſetting down and ſubtracting their Product, as 

before. Then the Work will ſtand 


Thus 


J%ͤö;ö d , 
Us Thus 8) 68552 (85 5 
Oc. 


45 
40 


Brno A 


For a Third Operation, I make a Point under the next 
Figure of the Dividend, viz. under the 5, and bring it down, 
as before, proceeding in all reſpects, as before; and then the Work 


will ſtand | 
Thus 8) 68552 (856 
> Dias 


45 
40 


55 

48 
Laſtly, J point and bring down the 2, viz, the laſt Figure BE 
of the Dividend to the Remainder 7, which will then become 
72, and proceeding as in the other Operations, I find that 8 the 
Diviſor can be taken juſt 9 times from 72, and the Work is 
finiſhed, and will ſtand L == 
1 Thus 8) 68552 (8 569 
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0) 1 
The true Quotient is found to be 8569, being exactly the 
E:2hth part of 68 5 52, or the Multiplicand of the propoſed © 
Example of Multiplication. As was required. e = 
The Reaſon of theſe Operations will be very plain to any one , 
that will a little conſider of it, as follows: 
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| Chap. 2. of Din. 35 
5 Diviſor 8) 68 552 (8000. The Firſt Quotient Figure. 


Quotient is 64000, viz. 8 times 8000; the 
Juotient Figure being always of the ſame 
Value or Degree with that Figure under 
Which che Unit's place of it's Product ſtands. 


Diviſor 8) ſk (500. The Second Quotient Figure. 


F This Product of the Diviſor into the 
EX Subtra? IA OO | 


| And here the Product is 4000, viz. 
1 Subtract Lt 8 times 500, not 8 times 5. 
Diviſor 8) J5ʃ5 2 (60. The Third Quotient F Figure. 
F 1 Al ſo here the Product is 480, viz. 8 
= Ee 800 ſ times 60, for the Reaſons aboveſaid. 
* 1 Divifor 8) 712 (9. The Fourth Quotient Figure. 
. | | Now here the Product is but 72, 1%, 
= Subtract 723 9 times 8, becauſe the 9 ſtands in the 
2 place of Units. 
E | Remains (c oo) Now the Sum of all the ſeveral Data, 
in. doco +500+60+9=8569, as before. 
e If the Prodfh of this Example be well conſidered and compa- 
e red with that of Multiplication, Page 17, it will evidently ap- 
is pear to be only the Converſe of that; for the particular Pro- 


dudis are alike in both, only that which is laſt there, is fir/? 
here; there they are added, here they are ſultracted. So that 
= whoever underſtands the true Reaſon of the one, muſt needs 
EX underſtand the Reaſon of the other, and then Diviſion will be- 
E come very 2aſy, although the Diviſor conlifts of ſeveral places 
5 5 of Figures, 


E AA M ELLE: 
Let it be required to divide 590624922 by 7563. 
Dividend, 


Diviſor 7563) 590624922 ( 


= Tis plain at the firſt ſight, that 7563 the Diviſor cannot be 
4 taken from 5906, the like Number of Figures in the Dividend. 
Therefore, by the Second Caſe of the Rule (Page 23.) there 
muſt be allowed Five Figures of the Dividend, viz. 59062 for 
the Fir/t Operation or Olotient; that ſo the Firſt Figure 7 of 


e = | the Way may be taken out of the two Firfl Figures, diz. 59 


IN 
Jof the vidend, fc, 7 : 
| E | Then 


TL 


I n 3 C 7 = 
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” we 5 x6 
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times 7 is but 56, which I mentally /ubtraf? from 59, and 2 
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for 8 times 5 is 40, which is more than 30, therefore 8 is too big 
a Figure to be placed in the Quotient; yet, hence I conclude, 


the Diviſor, ſetting down their Product under the Dividend, 


which I proceed in all reſpects as I did before with the 59062, 


fore place a Cypher in the Quotient. 


every Figure or Cypher, which is brought down from the Divi- 


Part . 


4 
3 
n 
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Then I proceed (per Caſe 2.) and conſider how often 7 may 
be taken from 59, and find it may be taken 8 times, «for 8 


there remarns 3; to this 3 I mentally adjoin the Third. Figure 
of the Dividend, viz. o, which makes it 30, out of which I 
muſt take the Second Figure of the Diviſor, viz. 5, ſo often as 
I took the 7 from 59, which was 8 times: But that cannot be, 


that the next leſs, viz. 7 may be taken without any further 2 
Trial. I therefore place 7 in the Quotient, and with it multiply 


and (ubtract it from thence, as in the other Example, and then 
the Worg will ſtand | | 


Thus 7563) 590624922 (7 3 


| 5 6121 8 
In order to a Second Operation, T make a Point under the next 
Figure of the Dividend, vix, under the 4, and bring it down 
to the Ræmainder 6121, which will then become 61214, with 


and find the next Quotient Figure will be 8, with which I mul- 2 
tipiy the Diviſor, &c. and ſubtra? their Product from the ſaid 
61214. Then the Vor will ſtand 1 


Thus 7563) 590624922 (78 
52941 oh. 


61214 
60504 


710 


To this Remainder 7510, I point and bring down the next 
Figure of the Dividend, viz. 9, which makes it 7109; now 
becauſe the 1 % 7563 cannot be taken from 7109, I there- 


And this mufl always be carefully obſerved, viz, That for 
dend, in order to a new Operation, there muſt always be either 


@ Figure or Cypher, fet down in the Quotient, Then the Work 
will ſtand 
Thus 


Thus 7563) 590624922 (780 | 
e 
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612174 
605% 


* 


Eo Oe. 2 

To this'7109, I bring down another Figure of the Dividend, 
diz. 2, and then it will become 71092; then I conſider how | 
often 7 can be taken from 71, &c. (juſt as at the firſt Operation,) 
and find it may be taken 9 times, therefore I ſet down 9 in the 
Quotient, and with it multiply the Diviſor, ſetting down and 
= /ubtrading their Product, as before; then the Work will ſtand 

= Thus 7563) 590624922 (780g 

33*ö*ꝰd˙ĩð: 8 


61214 
60504 


71092 
68067 


| O25 | 

To this Remainder' 3025, I 8 AY bring down the laſt 
Figure 2 of. the Dividend, which makes it 30252; then pro- 
ceeding in all reſpects as before, I find the Quotient Figure to 
be 4, with it I multiply the Diviſor, ſetting down and ſubtratting 

their Product as before, and then the Work will ſtand | 

Thus 7563) 590624922 (78094 

$2941 » © © ® 


— >. 


* 


61214 
60504 


3 Viega 
302.52 
30252 


* 


. 


| (00000) _ 
| Here the Work is ended, and I find the Quotient to be 98094, 
being the true Multiplicand of the propoſed Example of Multi- 
plication, Page I8. 
That is, 7563 is contained in 599924932 Jul 78094 times, Te 
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Part J. 


If the Work of this Example be conſidered and compared 
with the Rule ( Page 22.) the whole Buſineſs of Diviſion will 
be eaſy ; for indeed the only Difficulty (as I ſaid before) lies in 
making choice of a true Quotient Figure, which cannot well 
be done according to the Common Method of Diviſion, without 
Trials, yet thoſe Trials need not be made with the whole Diviſor 
(as appears by this laſt Example) for by the two Firſt Figures 


of the Diviſor all the reſt are generally regulated; except the 
Second Figure chance to be 2, 2, or 4, at the ſame time the 


Third Figure be 7, 8, org, then indeed reſpect muſt be had to 


? the Third Figure, according as the Rule directs. 


N 
" . " 
« © 


+ 


However, if thoſe Trials are thought too troubleſome, they bt 


may be avoided, and the ſame Quotient Figure may both eaſily 


and certainly be found by help of ſuch a ſmall Table made of A 


the Diviſor, as was of the Multiplicand in Page 20. 
EXAMPLE 4. 


Let it be required to divide 70251807402 by 79863. See 
the Example of Multiplication, Page 20, and as there directed 
make a Table of the Diviſor 79863, | | 
Thus, „CCC uh 
Diviſor. Dividend. 


Quotient. | 


> 


cy 


_—_ — 
* 


70863) 70251807402 


319452 
399315 


559041 
638904 


1 


0 
* 


796939 


479178 


718767 


159720. 6389004 
239589 5 


036140 
559041 
770997 
718767 
522304 
479178 
431260 
32935 
319452 
319457 


_ - (000000) 


8765 


The Work of this Operation 


I preſume may be eaſily under- 


ſtood. 


diſar into all the 9 Figures; con- 


ſequently thoſe Figures in the be 


ſmall Column do ſhew what 


Figure is to be placed in the 
Quotient; without any doubtful BF 
Trials of the Diviſor, with the 


Divid:nd, as before. 


For thoſe Figures in the 3 
Table are the Product of the Di- 


This Method of tabulating the Divi/or may be of good Ule 4 


to a Learner; eſpecially until he is well practiſed in Diviſiun; 


and even then if the Diviſar be large, and a Quotient of many 


Figures be requited; as in reſolving of high Equations, and 
_ Calculating of Afironenucal Tables, or thole of Intereſt, &c. 


Hitherto | 
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ß ˙•ü 


Hitherto I have made choice of Examples wherein the Divi- 
dend is exactly meaſured or divided off by the Diviſor, without 
leaving any Remainder. But it moſt uſually happens, that the 
Diviſor will not exactly meaſure the Dividend; in which caſe the 
Remainder (after Diviſion is ended) muſt be ſet over the Diviſor, 


with a ſmall Line betwixt them adjoining to the Quotient. 


3 5, 
Suppoſe it were required to divide 379 by 5. 
PF 

= 
29 
25 

Remains (3) 
1 %%% LSE 6, 
Again, Let it be required to divide 43789 by 67. 


67) 43789 (65335 the true Quotient required. 
$0237 = . ET 


358 
335 
239 
201 
Remains 685 _ Fo 
Such Remainders thus placed over their Diviſors (which are 
indeed Vulgar Fractians) may be otherwiſe managed, as ſhall 
be ſhewed farther on. 6 
N. B. When the Diviſor happens to be an Unit, viz, 1, with a 


= Cypher or Cyphers annexed to it, as 10, 100, Ic 00, &c. Diviſion 


1s truly performed by cutting off with a Point or Comma, ſo many 
Figures of the Dividend as there are Cyphers in the Diviſar; then 
are thoſe Figures ſo cut off to be accounted a Remainder, and the 
reſt of the Figures in the Dividend will be the true Quotient re- 


F | quired, becauſe an Unit or 1 doth neither multiply nor divide. 


Uie 
zn; 
any 
and 


erto 


| Right-hand of it, you may cut off ſo many of ile laſt Figu: es 


EXAMPLE: 7. e 

Let it be required to divide 57842 by 100. The Work 

may ſtand thus, 100) 578,42 the Quotient required; or thus 
100) 57842 (578 Fes the ſame as beiore. 

Hence it follows, that if any Diviſar have Cyphers to the 


I 1:1 
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in the Dividend, and Guide the other Figures of the Dividend, 
by thoſe Figures of the Diviſor that are left when the Cyphers 
are omitted. But when Dibiſion is ended, thoſe Cyphers fo 
omitted in the Diviſor, and the Figures cut off in the Dividend, 
are both to be reſtored to their own places. 


„ 
Suppgſe it were required to divide 975499 by 5400 
5400) 075409 L2G. 


54** 
135 
108 
274 
N 


Remains "Aa But the true Remainder is 469 
Conſequently the true Quotient is 125422... 

As to the manner of proving the Truth of any 8 
either in Multiplication or Diviſi an, I preſume it may be eaſily 
underſtood, by what is delivered in Page 21, compared with 
the three firſt Examples of Diviſan; for from thence it will 
be eaſy to conceive, that if the Diviſor and Quotient be 
multiplied together, their Product (with what Remains after 
Diviſion being added to that Product) will be equal to the 
Dividend. As in the Fifth Example, where the Dividend is 
379, the Diviſor is 5, the Quotient is 75, and the Remainder is 4. 
5 ſay, 75X5=375, to which add the Remainder 4, it will 

1 in the Sixth Example, the Diviſor i is 675 the Ryton 1 
is 053, and the Remainder is 38. 8 


Then 65357 43751, and 43751+38=43789 the Divi: 
dend, &c. 


There are ſeveral uſeful Contratiens, both in Diviſion and 
Multiplication, which I have purpoſely omitted until I come 6 
treat 0 Decimal Arithmetick. Alſa I have omitted the Buſineſ 
of Evolution or Extracting of Roots, until further on; and fo We 
ſhall conclude this Chapter with a few Examples of Diviſion 
unwrought at large, leaving them for the Learner Practice. 


579) 43909771 (75649. 
Or 75649) 438 00771 (579. 


45007] 
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45007) 23884044718 (530674. 
Or 530674) 2884044718 ( 45007. 

356) 244572000 (687000, 
59609) 57659066400 (967434. 
10000) 679543820000 (67954382. 

70) 282016 (356975. 
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CHAP. III. 
Concerning Addition and Subtraction 7 Numbers of 


different Denominations, and how 10 reduce them from 
one Denomination 7% another. 


SECT. in. 
1. Of Engliſh Coin. 


E leaſt Piece of Money uſed in England is a Farthing, 
| and from thence ariſe the reſt, as in this Table. 


n (5. is a Crown. 
— 19. Pen. hh And] 109. is an Angel. 
48= 12= 75. Sbill. 65. 84. a Noble. 
er (1960=240=20=11. Pound Sterling. 135. 4. a Mark, 
e 5 a 


is 3 Note, When J. 8. d. 9. are placed over (or to the Rigbt- hand 
%) Numbers, they denote thoſe Numbers to ſignify Pounds, 
ii Hillings, Pence, and Farthings. . 


As 35 10 6 2. Or 35 J. 10s. 62d. Either of theſe 
do ſignify 35 Pounds, 10 Shillings, 6 Pence, 2 Far things. 

= The ſame muſt be underſtood of all the following Characters, 
nd belonging to their reſpective Tables, viz. Of Weights, Mea- 
to WW ſures, &c. | he | 


* 3 ,” Troy Weigbi 5 bo 
n The Original of all Weigbis uſed in England, was a Corn of 
beat gathered out of the middle of the Ear, and being well 


dried, 32 of them were to make one Penny Weight, 20 Penny 

| Weights one Ounce, and 12 Ounces one Pound Troy. Vide 

| Sta/utes of 51 Hen, III. 31 Law. I. 12 Hen. VII. 
07 But 
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But in later Times it was thought ſufficient to divide the 


aforeſaid Penny Meight into 24 equal Parts, called Grains, 


being the leaft Weigbt now in common Uſe; and from thence 
the reſt are computed as in this Table. 


Cr, Grain. By Troy Weight are 
4: $488. 32:04 Dory Pager. Vat weighed Jewels, Gold, 
| 480= ZO= 2 Oz. Ornce. _ Silver, Corn, Bread, 
17560=240=12=1 Ib Pound. Cand all Liguors. 


Beſides the common Divi/ions of Troy Weight, I find in Augliæ 


VNMotitia, or, The Preſent State of England, printed in the Year 
15600, that the Moneyers (as that Author calls them) do ſubdivide 
the Graz. 1 TE | 


24 Blanks = 1 Periot. 
Thusd 29 Periots = I Droite. 
24 Droites = 1 Mite. 
C20 Mites = 1 Grain, &c. as before. 


3. Apothecaries Weights. 
The Aþpothecaries divide a Pound Troy, as in this Table. 


J,. Grain. 


8 2 Scruple 

60. 3 13 Dram 

480 = 24= 8= 15 Ounce | 
5760=298=96—12=1 þ Troy, the ſame as before. 


By theſe Weights the Apothecaries compound their Medicines: 


but buy and ſell their Drugs by Averdupors Weight. 


hu Averdupais Weight. 3 
When Av-rdupsis Weight became firſt in Uſe, or by what Law 


it was at firſt ſeitled, T cannot find out in the Statute Books ; but on 


the contrary, I find that there ſhould be but one Weigbt (and one 
Meaſure) uſed throughout this Realm, viz, that of Troy, ( Vide 
14 Ed. III. and 17 Ed. III.) So that it ſeems (to me) to be firlt 
introduced by Chance, and ſettled by Cu/tom, viz, from giving 
good or large Weight to thoſe Commodities uſually weighed 
by it, which are ſuch as are either very Coarſe and Drofjz, 7 
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| 


very ſubject to waſte ; as all kinds of Grocery Wares. And 


Pitch, Tar, Rofin, Wax, Tallow, Flax, Hemp, &c. Copper, 
| Tin, Steel, Iron, Lead, &c. Alſo Fleſh, Butter, Cheeſe, Salt, &c. 


To theſe and the like (I preſume) it was thought convenient to 


allow a greater Weight than the Laws had provided, which 
happened to be about a Sixth part more: For I found by a very 
nice Experiment, that one Pound Averdupois is equal to 14. 


= Ounces, II Penny Weights, and 15 4 Grains Troy, And it is now 


computed as in the following Table. 


5. Long Meaſure. 


As the leaſt part of Meigbt came at firſt from a Wheat Corn, 


ſo (it is generally ſaid) the leaſt Part of Long Meaſure was at 
firſt a Barley Corn, taken out of the middle of the Ear, and being 


well dried, three of them in length were to make one Inch; and 


O 


thence the reſt, as in this Table. 


Barley Corns, 


3 I. Haba. And] 1+ Yard=1 Ell. 
o 14 3 Far, 2 NYards=1 Fathom. 


„ rr | 
5 198 = 106 57 1 P. Poles, 
23760= 7920= 660= 220= 40=1 Furlng, 

 Ig0080=63360=5280=1760=320=8=1 Mile, 


Note, That forty Poles (or Perches) in Length, and four in 


Breadth, do make a Statute Acre of Land. 


That is, 220 Yards, multiplied into 22 Yards, = 4840 Square 


Yards, are a Statute Acre, 


And according to the Tranſactions of the French Academy, 


| Anno 1687, a Paris Foot Royal is = 12,8 Inches Engliſh ; Six 
| Of thoſe Feet make a Toiſe; and 57060 Toiſes = 365 184 Engliſh 
| Feet, are the Meaſure of one Degree of a great Circle upon the 
| Surface of the Earth. So that one Degree is 69 Miles an$:288 
| Yards, which is very near to our Countryman Mr. Node 
Experiment made betwixt London and York, Anno 1635 who 
found that 367196 Feet=6g Miles and 958 Yards, do make a 
F — 


Drams. tj | 
1462 1 Oz, Ounces. - I 14 = Stone 
2562 tor Id Pant And 28221 of GC. 

128672 1792= 112= 1 C. Hundred, 17 of C. 
1573440 = 35840 2240 20 = 1 Tun. 844 of C. 
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Degree. And not 60 Miles, according to the common received 
Opinion and Practice of the Navigators or Seamen. 


Py 


Hence, according to the French Account, the Circumference 


* 


of the Earth (ſuppoſing it to be a true Spherical Figure) is 


» 


24899 Engliſh Miles. 


: 6 Of Liquid Meaſures. 
All Meaſures of Capacity, both Liquid and Dry, were at firſt 


made from Troy Weight, Vide Statutes 9 H. III. 51 H. III. 12 
H. VII. &c. wherein it is enacted, that eight Pound Troy Weight, 


of Wheat, gathered out of the middle of the Ear, and well dried, 
ſhould make one Gallon of Wine Meaſure: And that there ſhould 
be but one Meaſure for Wine, Ale and Corn, throughout this Realm, 
(Vid. Stat. 14 Ed. III. 15 Rich. II.) But Time and Cuſtom hath 


altered Meaſures, as they have done Weights (and perhaps for one 


and the ſame Reaſon) for now we have three different Meaſures, 


* 


vi. one for Vine, one for Ale or Beer, and one for Corn. 


I have inſerted Tables of each, as they are now computed by 
Cubic Inches, and practiſed in the Art of Gauging, &c. 5 
;:The common Wine Gallon ſealed at Guild- Hall in London; by 
which all Wines, Brandies, Spirits, Strong-Waters, Mead, Perry, 
Cyder, Vinegar, Oil, and Honey, &c. are meaſured and ſold; is 


ſuppoſed to contain 231 Cubicł Inches, and from thence the reſt 


are computed, as in this Table. 
Cubick Inches. | 1821 Rundlet, and 


9702 4221 Terce. Vinegar Barrel. 


J (Ä T(Piae's R-UL) 


19404 = 842222 1421 Puncion. c 
29106 2 1268283 21 f He. 
58212225220 =4 =3 =2=1 Tun. 
But Dr Nybard in his Tectometty, Page 289, doth ſuppoſe 
the Mine Gallon to contain but 224, or 225 Cubick Inches at 


the moſt, and purſuant to this Account an Experiment was made 
by Mr Richard Walter and Mr Philin Shales, two General 
Officers in the Exciſe. They cauſed a Veſſel to be very exactly 
made of Braſs, in Form of a Parallellopipedon, each Side of it's 
Baſe was 4 Inches, and it's Depth 14 Inches; ſo that it's juſt Con- 


tent was 224 Cubick Inches. This Veſſel was produced at Guila- 
Hal. in London (May 25, 1688.) before the Lord. Mayor, the 


— 


_ ” 


230=: 1 6: Cohn. r make a Mine or 
| Note, 


Commaiſſieners of Exciſe, the Reverend Mr Flamſtead, Aſtr. 1 2 
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Chap. 3. Of weights, Peakures, c. 35 


1 


Mr Halley, : a PEROT] other i ingenious Gentlemen, in whoſe 
Preſence Mr: Shales did exactly fill the aforeſaid Braſs Veſſel 
with clear Water, and very carefully emptied it into the old 
Standard Wine Gallm kept in Guild- Hall, which did fo exactly 
fill it, that all then preſent were fully ſatisfied the Wine Gallon 
doth contain but 224 Cubic Inches. (This notable Experiment 1 
ſaw tried.) However, for ſeveral Reaſons, it was at that time 
thought convenient to continue the former ſuppoſed Content of 
231 Cubic Inches to be the Vine Gallon, and that all Computa- 

tions in Gauging ſhould be made from thence, as above. 

The Beer or Ale Gallon (which are both one) is much larger 
than the Mine Gallon; it being (as I preſume) made at firſt to 
correſpond with Averdupois IWiight, as the Mine Galicn did with 
Tray Weight: For (as I faid before, Page 33. ) one : Pound 

Averdupois is equal to 14 Ounces, 12 Penny Weights Troy, very 
MERE <5 
And, as one Prund Troy is in proportion to the Cubicꝶ Inches 
in. a Wine Gall:n, ſo is one Pound Averdupes to the Cubick 
Inches in an Ale Gallon. That is, 12: 231 :: 1452 : 2812, very 
near the Cubick Inches contained in an Ale Gallon, as appears 
from an Experiment made by one Nicolas Gunton, General 
Gauger in the Exciſe, almoſt go Years ago, who, by ſuch a Veſſel 
mentioned before in the laſt Page, did find the Standard Ale Quart 
(kept inthe Exchequer, Vid. 12 Car. II.) to contain juſt 703 Cubick 
Inches, conſequently the Ale Gallon muſt contain 282 Cubick 
Inches, and from thence the following Tables are : computed. 


. Ale Meaſure. 
Cubick Inches, | | © 


- 282 =. 1 Gallen. _. A Firkin 10 Soap ded 77 
2256 8=1 Firkin. Note, 4 Herrings are the Jame 
| 4512=16=2=—1 Eidertin. 5 with that of Ale, 
| 9024 3224 . i Barre! Barrel. | 


: 13830. 4 —ĩ— 11 Hegſhead. 


RE Beer Meaſure. 
| Cubic Inche = 


—  — — — 
282 = 1 Callon. 
2 538 g=1 B.. KL 
5076 18 2 = Kildertin. 
| [10152=36=4=2=r El. 
g 2 — 2 1 Hegſhead. 
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36 Arithmetick. Part I. 
N. B. This Diſtinction or Difference betwixt Ale and Beer 
Meaſure, is now only uſed in London. But in all other Places of 


England the following Table of Beer or Ale, whether it be ſtrong 


or ſmall, is to be obſerved, according to a Statute of Exciſe made 


in the Year 1689. 
Cub. Inches. 


282==1 Gallon, 
2207=<=d3= I Firkin. 
$794=17=21=1 I Eilderken, 
9588—=34—4=2 — 1 Barrel. 
4 Z=1z=1 — — 


F. Of Dry Meaſure. 


Dry Meaſure is different both from ine and Ale Meaſure, be- 


ing as it were a Mean betwixt both, tho* not exactly ſo; which 


upon Examination I find to be in proportion to the aioreſaid old 
Standard Vine Gallon, as Auerdupois Weight is to Troy Wight . 5 


That is, As one Pound Troy i is to one Pound Averdupois, ſo is the 
Cubic Inches contained in the old Wine Gallon, to the Cubick 

Inches contained in the Dry or Corn Gallon. 

Viz. 12: 145%: : 224: 2724, which is very near to 2722, 

| the common received Content of a Corn Gallon : Altho' now it is 
| Otherwiſe ſettled by an Act of Parliament made in April 1697, 
the Words of that Act are theſe: 

Every round Buſhel with a plane and even Bottom, being made 

_ eighteen Inches and a half wide throughout, and eight] aches deep, 

ſhould be gſteemed a Legal Wincheſter Buſhel, according to the 

Standard in his Majeſty's Exchequer. 


Now a Veſſel being thus made will contain 2150,42 Cubick 
Inches, conſequently the Corn Gallen doth contain but 208+ 


Cubick Inches. 

(cus. Inches. 1 4 Buſheb=a Comb. 

| 268,8= 1 Gali. Note, 10 Quarters Sa ey, and 
r C 12 Weys=a 190 of Corn. 

i 2150,4= 8= 4 1 Bufod. 

17203: 3 8 oh 


on 


1 1 1 the Lead- Mines in Dan (Anno 1602 


that the Miners bought and ſold their Lead Ore, by a Meaſure 
which they called an Ore Diſh; whoſe Dimenſions I carefully 
took, and found it 
Leng «th 21.3 ” 
Thus Brewdth. 6. Inches. 
Depth 843 Confer 


n 


Font 
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E * Conſequently it's Content is 1073, 52 Cubick Inches, which is 
very near equal to 4 Corn Gallons, according to the abovemen- 


tioned Settlement. | 
Nine of thoſe Diſhes they call a Load of Ore, which, if it be 
pretty good, will produce about 3 hundred Weight of Lead. 


8. Of Time. 
= Tt is not an eaſy Thing to give a true Definition of Time; for 
= (according to the Philoſophical Poet). | 1. 


Time of itſelf is nothing, but from Thought 
Receives it's Riſe, by labouring Fancy wrought. 
From Things conſider d, whilſt we think on ſome 
As preſent, ſome as paſt, or yet to come, 
No Thought can think on Lime, that's flill confeft, - 
But thinks on Things in Motion or at Reſt. 


And ſo on, Vide Lucretius, Book I. 


That is, Time only ſhews the Duration or Mutation of Things, 


a Year being the Standard or Integer, by which ſuch Continuance 
or Change is computed. And a Year is that Space of Time in 


25 which the Sun (apparently) compleats it's Revolution from any 


one Point in the Ecliptic (an imaginary Circle in the Heavens 


7 * 
\ 


to the ſame Point again, which, according to modern Obſervations, 
= is performed in 365 Days, 5 Hours, 48 Minutes, 57 Seconds, 
21 Thirds, &c. But a Second being the leaſt part of Time that 
can be truly meaſured by the Motion of any Mechanical Engine, 
as a Clock, &c. (a Third being leſs than the Twinkling of an Eye) 

l begin the following Table with Seconds. 8 PR 


Seconds.” | 
o- 17 Minute. ‚ 
3600= Go= 1 Hour. 


( a Solar Year, 


ö But the common Civil. Year, now in uſe, conſiſts of 365 
| Days and 6 Hours, and is divided into twelve unequal Months, 
called Calendar Months, whoſe Names and Number of Days 

bre the Subject of every Almanack, T 
| 0 


— — 


38 3 here Par. 


To theſe Tables it may not be amiſs to I a brief Account of 
ſuch Coins, Weights, and Meaſures, as are frequently mentioned 
in the Scriptures: As I have deduced them from thoſe. which 
ſeem to be the moſt Correct, inſerted i in the Index to the large 
Bible, Printed Anno 1702, and compared with thoſe uſed in 
England, by the Lord Biſhop of 9 


The Hebrew IWeights, compared with f Os. Troy Wright 


Pw. Grains, 

n 

10 > Gerahs=a Bekah=| „ 
2 Bekahs=a Shetel=| oO. 9 . 3 
100 Shetels=a Memah=| TL | TR ( 


Note, A Shekel is faid to be their Original Weight. 


Their Coin! 1 a 
A Silver Menah=1 15 25 1 54 Weight 60 Shekels. 


Talent of Silver =| 357 . I1 . 104 Weightis 300 Shekel... 


Talent of Gold = 5075 . 15 . 7 The ſame Weight men - 


The Ci Dram= | TI. ©. 4 tioned Ex. ii. 19. 


The Roman Money mentioned i in the New „ 
A Denarius, or Silver Penny=7 d. 3 Farthings, 
| Aſſes of Copper So. 3 Farthings. 
Aarium So. I Fartbing. 
N Fine 0 2 3 of a Farthing. 
A Mite=o . 4 Z of a Farthing. 


Their Long Alas compared with } Engliſh Meaſure. 


A Finger's Breadth=\ ©. 
4 Fingers=a Hand's Breadth=| O. 

2 Hands=the leaſt Span ©. 

3 Hand s Breadth=the longeſt Span g o. 
2 Spans==the ha Ca o. 

4 Cubits=a Fathom = 4. 

6 Cubits= Ezetiel's Reed 3. 
400 Cubits=a Stadium 243. 
10 Stadiums=a Mile=| 24.32. 

3 Miles a Paraſang 7296. 


Which is 4 Engliſh Miles and 256, 
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2 925 - Engliſh Wine. 
Gal. Pints. Inch. 


Their Meaſures of Capacity, compared with 1 


A Cotyla=| O G 3,037 
AI Lig=] © + 05 9,02 
41 Logs=a Cab=| 3 10,452 
10 Cotyla's g an Omer O. 6. 1,5 
3 C= Hin=| I 2 . 2,5 
2 Hins=a Seab = 2. 4. 5, 
3 Seahs=an Epha 4 > 18, 
10 Epha's= a Chamer=[75 . 5. 5,625 


K 1 — 
— 


Sect. 2. Addition / Weights, &c. 
Y THE foregoing Tables being ſo well underſtood, as that you can 
& = readily tell (without pauſing) how many Units of any one De- 
namination, do make one of the next Superior Denomination (eſpe- 
= cially in thoſe Tables which are moſt uſeful for your Buſineſs ) it 
| will then be as eaſy to add or ſubtract them, as to add or ſub- 
tract whole Numbers, due Care being taken in placing all Num- 
bers that are of one Denomination exactly underneath each other. 
That is to fay, in Money, place Pounds under Pounds, Shillings 
under Shillings, Pence under Pence, &c. Underſtand the like 
in Meights and Meaſures, &c. according to their ſeveral Deno- 
> mingtzons : Then in Addition obſerve this Rule. 
N 3 RU, E. „ 
| Always begin with thoſe Figures of the lotueſt or leaſt Denomi- 
nation, and add them all together into one Sum, then conſider how 
| many of the next Superior Denomination are contained in that 
Sum, ſo many Units you muſt carry to the ſaid next Superior De- 
| Nomination to be added together with thoſe Figures that fland 
| there; and if any thing remain over or above thiſe Units ſo car- 
ned, that Overplus muſt be ſet down underneath it's own Deno- 
| mination: And ſo proceed on from one Denomination to another 
until all be finiſhed. 3 5 
e Example in Coin. | 
Let it be required to add 251. 14s. 06 d. and 271, 025. 
104, and 541. 13s. 044. and 101. 17s. od. into one Sum. 
The particular Szms being placed, as before directed, will ſtand 
4 in the Margin following. 4x phe 
Then according to the Rule, I begin with the Pence (being 
here the loweſt or leaſt Denomination ) and adding them all 
together, I find their Sum to be 29 d. that is 25. and 5 d. (for 
1 5 2 4. 
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24 = 25. and 29— 24 2 5) the 54. I ſet down J. 3 
underneath it's own Denomination, and carry the 35. 14. 06 
25. to the Place of Shillings, adding them and 27 . 02 . 10 
all the Shillings together, I find the Sum to be 54 . 13 . 04 
48 6. viz. 21. 85. I ſet down the 85. under- 10 . 17 . 09 
neath it's own place of Shillings, and carry the — 
21. to the Place of Pounds, adding them and all 128 . 08. os 
the Pounds together, I find their Sum is 128 J. 1 


conſequently the Tętal Sum required is 128 J. 08 5. 0 ; d. 


Now as it often happens i in keeping Bodks of Accounts, (and 
in other Buſineſs) that it is required to add up large Sums of 
Money, conſiſting of 30, 40, or more ſeveral particular Sums, 
nay, perhaps filling up the whole length of a Sheet of Paper, 


I apprehend in thoſe Caſes the beſt and eaſieſt way will be to 


part them into Parcels, not exceeding above 10 or 12 parti- 


cular Sums in each Parcel; that done, add together all the 
Sums of thoſe Parcels into one Sum, and that will be the Total 
Sum required, 


Alſo to avoid the making of Points, or other Marks amongſt 
your Figures, it will be convenient to get the PONY Table 
dy heart. „ 


The Pence Table. || The Shillings Table. 
ary OF RT” VP 
1221 1 120 120 6 
2422 Bz=7 | go=2 1402 
363 go== 60=3 e 


8 
48=4 1 80 4 180 2 9 
. 120 u * 1005 200 10 


The Uſe of theſe Tables is c 0 obvious, that 1 prefume it is 


needleſs to explain them. 
F Addition of Weights, 


Troy Weight. Averdupois Wegh 
Ib. Oz. Pw. Gr. Tun. C. ©, Ib. Oz. 
3 140 „ 
S „08 . 15 21 7 11 1 41 «35 
10 . 10 12 22 9 „ 18 1 14 


O0 . IT 19 23 F 


** 3 


Sum 21. 0 . 09 . 04 Sum 23. 5. 0. 05 05 
| Exampiti 


— : — 


Chap. 3. Subtraction” of Weights, &c. 41 
8 Examples in Addition of Long- Meaſure. 3 1 
Yards Ori. Nails Miles Fur. Poles Yards Feet Inch. 
I + $:+ T7 9 +» 27 » ˙ $00 


W229 . 1 2 RT ECTS EP. 


182 3 Sum 5 % ot oe 0-7 iS 
I think it needleſs to ſet down more Examples of this kind, 

for if theſe 5 (eſpecially the laſt) be well underſtood, they will 

be ſufficient to ſhew how any other may be performed. 1 7 


8 


* 


— ——__ 


Sect. 3. Subtraction of Weigbis, &c. 
8 Ubtraion is the Converſe of the precedent Work, and may 
be performed by obſerving this 1 — 

8 "RULE. 
Begin with the Loweſt or Leaſt Denomination (as before in 
Addition) and Take or Subtract the Figure (or Figures) in that 
place of the Subtrahend, from the Figure (or Figures) that fland 
over them of the ſame Denomination ; ſetting down the Remainder, 
(as in Page 12.) But if that cannot be done, then you muſt in- 
© creaſe the upper Figure (or Figures) with one of the next Superior 
= Denomination, and from that Sum make Subtraction; and ſo 


= proceed to the next Superior Denomination, where you muſt pay the 


ene borrowed, by adding Unity to the Subtrahend ix that place, &c. 
= as in whole Numbers, 1 88 | 
E Examples in Coin. 


%%ͤ ͤ % TO ” » 
From 386 . 09 . 08 From 569 . 10. 06 
Take 173. 04 . 06 Subtr. 389 . I5 . 08 

| Remains 21% 8 904 N 179. I4 . 10 


{ The Firſt of theſe Examples is ſelf-evident. In the Second 
| Example, beginning at the place of Pence (being here the Leaſt 

| Denomination) J am to take 8 d. from 64. but becauſe that 
cannot be done, I muſt (according to the Rule) borrow one of 
| the next Denomination, viz. 15. and add it to the 6 d. which 

| makes it 18 4. (for 15.=124. and 124.+6d.=189.) then I 
take 84. from that 18 d. and there remains 10 4. to be ſet 
down underneath the place of Pence; that done, I proceed to 
the place of Shillings, where I muſt now pay the 1s. ſaying 
one borrowed and 15 makes 16 from 10 cannot be, but 
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16 from 30 and there remains 14. That is, I borrow one of the 
next Denomination, viz. 11, and add to it the 10s. which 
makes it 305. (for 1/.=20s. and 205. IO . 30) having ſet down 
the Remaining 145; underneath it's own place of Shillings, pro- 
ceed to the place of Pounds, where paying the 11. borrowed, it 
will be 1 borrowed and 9 is 10 from g cannot be, but 10 from 
19 and their remains 9, and fo on as in whole Numbers until all 
be finiſhed ; and the Remainder will be 1791. 145. 104. 
This Example being a little conſidered will render all others in 
this Rule eaſy. | 
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Examples i in Weights 0 | 
Ver Freight. Averdupois Weight. 
ib. on. put. gr. | c gre. bb. _ 
i NOT ES” IS 
Take ß . 090 18 22 0 It 3 1 


„ 


| Refs 4 . CO. 17 . 20 2: 2: 41- 14 


e in Lok Meaſure, 

gas. grs. nails, miles fur. pol. yds. feet inches. 
From 78. 3. 2 2307-201 24-0 
Take 29 . 3 « 3 | O20» 4» 2 #7 


— 


— 


Refts 48 . 3. 3 3. 4. 36. 4. 0 10 


Examples in Time. 
| days B. - 
From-.- $7 . 18-35 - 
Subtract 16 21 46 . 36 


Remains 10 20 43 . 45 


The Proof of Addition and Subtradtion in theſe We of dif- 
ferent Denominations, is the very ſame with that of whole Num- 
bers in Page 13. I hall therefore refer you to that place, and 
omit repeating it here. 


Set. 4. Of Beduttion. 


BY Reduction, Numbers of different Denominations are brought 
into one Denomination. 
That is, it alters or changes any Superior Denomination pro- 


poſed, into any Inferior or Leſſer Denomination Required E 
ſti 


„ „„ 


Chap. 3. Of Reduction, — 43 
ſtill keeping them equivalent in Value. And by that means they 
become fitly prepared for Multiplication and Diviſion ; which 
otherwiſe could not ſo conveniently be performed. Therefore the 
Buſineſs of Reduction is very uſeful in the Rule of Proportion, 
(commonly called the Golden Rule, or Rule of Three) eſpecially 
to thoſe who do not underſtand either Vulgar or Decimal Fractions. 
And it is thus performed. OE TIS 
| RU. 

Conſider how many Units of the Denomination Required, make 
one of that Denomination propoſed to be Reduced (which is eaſily 
known by it's reſpective Table) and with that Number of Units, 
Multiply the Denomination propoſed, and their Product will be the 
Number Required. DE a | 

| Example in Coin. ; | 

Let it be Required to Reduce or Change 3571. into Shillings, 
= and thoſe Shillings into Pence, which ſhall ſtill be equal in value 
= with the 357 J. N „ 


Aultiph with 20 the Shillings in one Pound. 


3 7140 the Shillings in 357 l. 
Aultipiy with 12 the Pence in one Shilling. 


1428 
=” 


m_ 


EE 5 85680=the Pence in 3 57 J. as was Required. £ 
Or 3571, may be reduced into Pence, at one Operation; 
8 Thus, : | 1 

| 571. 


3 Multiply with 240 the Pence contained in one Pound. 
1428 
714 


85680 S the Pence in 357 1. as before, 


But when the Numbers propoſed to be Reduced are of ſeveral 
Denominations, and it is required to bring them all to the Loweft ; 
| You muſt Reduce the higheſt or greateſt Denomination to the 
| next leſs, Adding the Numbers that are of that leſs Denomination 
together; then Reduce their Sum to the next lower Denominaticn, 

ding together all the Numbers that are of that Densmination, 
| and ſo proceed gradually on till Il is done. | 
| | G 2 EXAMPLE. 


44 $ Arithmetik. ; Part I. 
3 "FXIMPLE © 
Let it be required to Reduce 3751. 175. 10d. 39+ into one 
Denominetion, viz. into Farthings. 
3571. 175. 10d. 37. 
20 


7500=the Shilling: in 37 1 
+ I7S. 


— 


| 7 517 the Shilling: in 3751. 175. 


—_—— 


15034 
7517 


| 90204=the Pence i in 37 Sk 17 5. 
+ 10d. f 


99214=the Pence in 3751. 175. 40d. 
9 e 


3608 56 S the Farthings in 3751. 175. 10 d. 

3608 50 Farth.— =37 51. 175. 104. 3. as was required. 

The Work of this Example, and all other Hm of this 
kind, may be ſomewhat ſhortened by obſerving the following 
Method. 


375 l. 175. 10d. 39- 
20 1 and Add in the 175. 


7517 RO 
"IN Multiph and 2 in the 10d, 
15034 
7517 
90214 | 
414 Multiply and Add in the 3qrs. 
3608 59 the Parthings as before. 
. Example in Troy Weight. 
Suppoſe it be Required to Reduce Sy, 8 oz, 18 pt. 21 gr. 
into the Leaſt Denomination, viz, into Grains, 8 


us 


Chap. 3. | 1 Reduction. 45 


1 


Thus 29 th. 8 oz. 18 wt, 21 gr. | 
Multiply with 12 the oz. in x 6. and add in the 8 oz. 
„ 

29 


356 = theox. in 20 Jb. 8 oz. 8 
Multiply with 20 the pwts, in 1, and add in the 18 pros. 


5 7138 S the pwts in 29 lb. 8 oz. 18 pw. 
Multiply with 24 the grs. in 1 pwt. and add in the 21 grs, 


28553 
14278 


171333 the gre. = 29 bb. 8 oz, 18 pwts. 21 Ert. 


Theſe two Examples at large being well underſtood, may ſuf- 
fice to ſhew how all Operations of this kind are performed; ei- 
ther in J/eights, Meaſures, or Time. I ſhall only inſert a few 
Examples of each fort for the Learner's Practice. | 


1. In23C. 3478. 214. 9 oz. Averdupois Weight; How 


| many Ounces ? Anſ. 42905 Ounces. 


2. In 252 Eng. Miles, How many Yards, Fret, and Inches? 


ö Anſw. 443520 yds. = 1330560 feet = 159667 20 inches. 


In 1692 common Years, How many Days, Hours, and 


3 Minutes ? Anſw. 618003 days, 14832072 hours, 889924320 


minutes, . 
Note, a common Year = 365 Days, 6 Hours, ſee Page 37. 
4. In 5786 Pounds, 17 Shillings, ꝙ Penk, Sterling; How ma- 
ny Shillings, Pence, and Farthings? Anſw. 115737 s. 13888 534. 


g er 5555412 farthings, That is, 57861. 175. 94. = 115737 8. 
9d. = 13888534. &c. 


The next thing will be to ſhew how to bring Numbers from a 


| leſſer to a greater Denomination, which by moſt Authors is cal- 
led (tho? very improperly) | 


Revuction aſcending. 


| This Work is the Converſe of the laſt, and is performed by 


Diviſion, Thus, 
1 LS 015 
Conſider haw many of the Denomination prapoſed make one of the 
enomination required, and make that Number your Diviſor, by 
which divide the Denomination propoſed; aud the Quotient will be 


the Number required, EXAMPLE. 


1 Arithmetick, . Part I. 
44 E. 


Leet it be required to find how many Shillings and Pounds are 
contained in 85680 Pence. 
The Pence in 15. are 12) 85680 (7140s. = 85680 4. 
Again, the Shillings in 1 J. are 20) 7140 ( 357 the Anſwer 


required, 


Another l in Coin. 
How many Pence, Sbillings, and Pounds, are contained i in 
204059 Farthings. 
1 RED | 
4) 264859 (662149. (55175. (2751. 
24 R 


| 08 1 21 : | II7 
— . _94 3 17) 5. 
Remains (3) 4: Note, the Remainder i is always of the ſame . 
5 Denomination with the Dividend. | 3 


Ihe laſt 88 2751. 3 with the ſeveral Remainders 
give the Anſwer required. | 


Viz. 27 * 175. 109. 39. = 264859 Parthings. 


Example in Troy Weight. 


Suppoſe it were required to find how many Pavts. Ozs. and lby, f 
are contained in 171333 Grains. 


— — — ů— 


201: #8) 
24) 17133387 - (7138 pw, (356 (29 Ib. 
168. 5 „* 113 | 24 FE 
"91 + 138 116 
24 108 
— (18) Pros. 
93 (8) 9%, | 
> | 
213 | | 
192 | 


Remains (21) grs. 


Anſw. 291b. 8 oz. 18 pwt. 21 grs. This and the laſt Ex- 
ample are the Reverſe or Proof of thoſe in Pages 43, 45 


I. In 42905 Ounces, N Meigbt; How many "_ 
| us 


and comparing one ſort of Meaſure with another, c. 


Y - 

[5 3 4 * " FIR — | 1 N 22 

* | . , 

0 | ; | 

75 hs 8: . Ag ; f 


; * "Fu | 

Thus 16) 42905 (268146, (95 qrs. (23 C. 

LG YH OT RR 
die 


IR " (21) Anſw. 23 C. 3 grs. 21 lb. G oz, 
2. In 15966720 Inches; How many Engliſh Miles, &c. 
Anſw. 252 Miles, &c. as occaſion may require, . 
= There are many uſeful Queſtions may be anſwered by the help 
= of Reduction only: As the changing one ſort of Coin for another; 


For Inſtance: Suppoſe one had 347 Rixdollars, at 4s. 64. per 
Dollar; and defired to know how many Pounds Sterling they 


= make, es 
> ot F 
54 = the Pence in one Dollar, v7z. 45. 6 d. = 54 d. 
. © hi 88 ; 
1735 20) 
12) 18738 J. 15615.(781. bl 
- 2. CN 1 
74 (1)s. . 
(6) 4. 


| Anſw. 78 J. 15. 6 d. Sterl. are = 347 Rixdollars, 


= Oueſt. 2. In 645 Flemiſh Ells; How many Ells Engliſh? 35 Lf 
| Note, 3 Quartiers of a Yard Engliſh make one Ell Flemiſh, and | 
| 11, or 5 Duarters of a V ard, is an Engliſh Ell, * : "iy 
Therefore, 645 | i —_— 
. 38 = the rs. of a Yard in 1 Ell Flemiſb. 
Js. in 1 Ell 5) 1935 (387 Engliſh Ells for the Anſwer. : 
{ Oueſt. 2. Suppoſe a Bill of Exchange were accepted at London, 
| for the Payment of 4001. Sterl. for the Value delivered at Amſter- 
| dam in Flemiſh Money at 11. 138. 64. for 1 Pound Sterl. How 
much Flemiſh Money was delivered at Amſterdam? | 
Firſt, 11. 13s. 6d. = 402 d. the Value of one Pound Sterl. 
at Amſterdam. 3 ' 5 
Then, 402 d. x 400 = 1608c0d, = 6701. Flemiſh, and fo 
much was delivered at Amſterdam. | 


2 C HAP. 


— — — . «⅛—⅝NV,D: . 7. «⅛²5r—xe! .. Ante | 
- 


into (being only the 


0 HA P. IV. 
Of Qulgar Fractions, 
SER. I. of Notation. 


A Fraction, or Broken Number is that which repreſents a Pare 
or Parts of any thing propoſed; (vide Page 3.) and'is expreſ- 
fed by two Numbers placed ono above the other with a Line drawn 
betwixt' them: 


Thus, 3 


4 Denominator. 


The Denominator, or Number placed underneath the Line, 

denotes how many equal Parts the thing is ſuppoſed to be divided 

Diviſor in Diviſion). And the Numerator, 

or. Number placed. above the Line, ſhews how many of thoſe 

Parts are contained in the Fraction (it being the Remainder after 
Diviſion). (See Page 29.) And theſe admit of three Diſtinctions: 


Proper or Sinple / | 
_ Viz. J Improper Pradtions, : 
© Compound | 


A proper, pure, or Simple Fraction, is that whieh is leſs than 


an Unit. That is, it repreſents the immediate Part or Parts of 
any thing leſs than the whole, and therefore it's Numerator is al- 


ways leſs than the Denominator. > 
A5 2 is one Fourth Part. An 4 FR 2 is one Half 
1 is one Third Part. 7 is two 2 2p \&c. 


An Improper Fraction i is that which is greater than an Unit. 
That is, it repreſents ſome Number of Parts greater than the 


whole thing; and it's Numerator i is always greater than the De- 
nominator. 


As 5 or 2. or 44 &e. 


A Compound Wande is's Pan of a Part, conſiſting of ſeveral 
Numerators and Denomnators connected together with the 
Word [ot]. 

A of 2 of , St. ny are thus read, The one Thixd of the 
three Fourths of the two Fifths of an Unit. 


That is, when an Unit (or whole thing) is firſt divided into 


any Number of equal Parts, and each of thoſe Parts are 


ſubdivided 


AV 


4 
d 


. 


— — 
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ſubdivided into other Parts, and ſo on: Then thoſe laſt Parts are 
called Compeund Fractions, or Fractions of Fractions. 


As for inſtance, ſuppoſe a Pound Sterling (or 205.) be the Unit 
or Whole; then is 8s. the g of it, and 6s. the + of thoſe two 


Fifths, and 25. is the 3 of thoſe three Fourths ; viz. 25. = T + of 
3 of I of one Pound Sterling. 
All Compound Fractions are reduced into fingle ones, Thus, 
"KU LE: | 
Multiply all the Numerators into one another for a Numerator, 
and all the Denominators into one another for the Denominator, 
Thus the 3 of 4 of = will become . Or s. 


For 1 x 3x x 2=6 the Numerator, and 3 x4 x 5 = bo the Deno- 


minator, but or of a 1. Sterl. iS 25. As above. 


an - DN . — 


— — _ — — 


Seck. 2. To Alter or Change eren F ractions into one 


Denomination retaining the Jame Value. 


1X erder to gain a clear Underflanding of this Section, it will 


multiplying two Numbers produce other Numbers, the Numbers 
produced of them ſhall be in the ſame Proportion that the Num- 


bers multiplied are, 17 Euclid 7. 
That is to ſay, If both the Numerator and Denominator of any 


Fraction be equally multiplied into any Number, their Products 


will retain the ſame Value with that Fraction. 


JJ 2K3 © © 2X8.-40 
As | in 1 theſe, 2%2 5 5 Or x5 15 Se. 


That is, and g. Or z and 3. Or + and 15 are of the ſame 
Value, in reſpect to the Whole or Unit. 


From hence it will be eaſy to conceive, how two or more 
Fractions that are of different Denominations, may be altered or 
changed into others that ſhall have one common Denominator, 
and ſtill retain the ſame Value. 

Example. Let it be required to change 2 and + into two other 
Fractions that ſhall have one common Denominator, and yet re- 


tain the ſame Value. 


According to the foregoing Propoſition, if 4 be vals multipli- 


ed with 7, it will become 22, din. =-f, Again, if 7 be 


3X7 21 | 
equally multi plied with 3, it will become + 7s Liz. 1 25 
H And 


n COIN I * __ 
= BA * : e » - 

by Sane nn e. a 

25 n „ 1 Tre I 

"ew eve or RE OD 


-_ 


be convenient to premiſe this Propoſition, viz. If a Number 


—— 
— * ray — n r * 
r 22 2 . 


Wo 3 
27 
2 B” us DE] TD 


6 — „ > 
© 8 * mv "en" N * _ OR oy mo om = ey. or fn ord l 2 . - — * — 
cs E T 8 — — 2 e 2 = 8, l 9 N 7 e e 5 le Ub * — * 8 les = 5 x © 
RES C - 3 — re „n ne CAS * a 5 r . k pas; BE 2 r ; 14 : 
1 — para . 79299 = — = —— 6 © 6 I * * 2 - - 1 EINE -: he RE: * - 8 
KAT? yo. S n FT = f r EIT $24 3 1 
nk. e n n 1 Fre nar ee 1 
1 1 PE. n n —— — 5 - —— — 1 To 3 
- n pra — 2 OS =_ 
5 TT 
7 OF, % >. . 
= 1 = 
1 
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And by this means I have obtained two new F rations, 7 and 7 | 


that are of one Denomination, and of the ſame Value with the two 


firſt propoſed, wiz. 21 = 4 and r = +. 
And from hence doth ariſe the general Rule for bringing all 


F ractions i into one Denomination. 
RU L. E. 
Multiply all the Denominators into each other for a new ( and 
common) Denominator. And each Numerator into all the Deno- 


minators 6 it's o, for new Numerators. 


"_ Let the propofed Fractions be 3, 5, 45 and 9. 
Then, by the Rule, 


A new Denominator And the new Numerators will 
will be thus found. de thus found, | 
2 3 2. 47” 

> 2 CL EG 1 : By 
15 3 6 9 18 

4 4 4 3 5 

60 5 24 45 90 

7 7 . Fo 
420 | PT OH 260 


Hence 420 is the common Denominator ; and 140. 168. 315. 
360, are the new Numerators, which being placed FraQtion-wiſe 
are 143 · 48 58 35> the New Fractions required. 


| That is, 140 __ 1 168 2 . A 4 300 __ 6 


— — — — . 
— . — — — — — 


420. : 5 49 4 09.7 


FIR JEGTY N 


| Sect. 3. 7 0 is os ee into F "ations, and 


the contrary. 


1%D wie are brought into improper Mues by the 
following Rule. 
RULE. 


Multiply the Integers, or whole Numbers, with the Devnilnator 
of the given Fraction, and to their Product add the Numerator, the 
Sum will be the Numerator of the Fraction required. 

Example. 94 by the Rule will become 49. For 9 5 = 45, 

And, += the improper FraQtion required. | 


206 SEE, h 
Again, 131 will become 72%. For 13 = 2 


And 25 14 = 7%. And ſo for any other as occaſion requires. 
To find the true Value of any improper Fraction given, is only 

the Converſe of this Rule. For if? = 94, as before is evident : 
Then 


. 


12 


2 —— — RS. 
1 ai. * 
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Then it follows that if 49 be divided by 5. the . "wit © 
give 9 +. And if 206 be divided by 1 5 it will give 1333, Cc. 


conſequently it follows, that 
If the Numerator of any improper Fraction be divided by it's 
Denominator, the 9 will diſcover the true Value of that 


Fraction. 
 EXAMPL E 5. 


7 F. And =45, And n = 6 25. Or = 33, c. 
When whole Numbers are to be expreſſed F n it is 


but giving them an Unit for a Denominator. Thus * is + 
9 is 2, and 25 is , &c. 


* * 


6— 4 


Sect. 4. To Abbreviare or Reduce Fractions io 


their Loweſt cr Leaſt Denomination. 


15 H I S is done, not out of any neceſſity, but for the more con- 


venient managing of ſuch Fractions as are either propoſed in 
large Terms; or {well into ſuch, either by Audition or otherwiſe : 
beſides it is moſt like an Artiſt to expreſs or ſet down all Factions 
in the loweſt Terms poſſible; and to perform that, it will be ne- 
ceſſary to conſider theſe following Propoſitions. 


Numbers are either Pume or Compoſed, 
1. A Prime Number is that which can only be meaſured by 


an Unit. Euclid 7. Defin. 11. 


That is, 3, 5, 7, 11, 13, I7, Sc. are ſaid to be Prime 


Numbers, becauſe it is not poſſible to divide them into equal 


Parts by any other Number but Unity or 1. 
2. Numbers Prime the one to the other, are ſuch as only an 
Unit doth meaſure, being their common Meaſure, Euclid 7, 


Defin, 12. 

For r inſtance, 7 and 13 are Prime Numbers to each other, be- 
cauſe they cannot be divided by any other Number but an Unit. 
And q and 14 are allo Prime Numbers to each other, for altho' 
3 will meaſure or divide 9 without leaving a Remainder ; yet 


3 will not meaſure 14 without leaving a Remainder: Again, 
altho' 2 will meaſure 14 without any Remainder, yet 2 will not 
| meaſure 9 without leaving a Remainder, Cc. 


3. A compoſed Number is that which ſome certain Number 


. meaſureth, Euclid 7. Defin. 13. 
For inſtance, 15 is a compoſed Number of 3 and 5, for g * 3 


= 15 conſequently 3 or Sn juſtly mealure 15. Alſo 20 
2 19 
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is compoſed of 5 and 4, Viz. 5 x 4 = 20, therefore 5 and 4 will 
each juſtly meaſure 20. | bs 
4. Numbers compoſed the one to the other, are they which 
ſome Number being a common Meaſure to them both doth 
meaſure. Euchd 7. Defin. 14. 3 
That is, if two or more Numbers can be divided by one and 
the ſame Diviſor; then are thoſe Numbers ſaid to be compoſed 
one to another. KL” V 
For Inſtance, 14 and 21 are Numbers compoſed the one to 
he other, becauſe they can both be meaſured or divided by 7. 
or 7 XK 2 = 14, and y x 3 21; therefore 7 is a common Mea- 
ſure to 14 and 21. So that if 2 were propoſed to be abbreviated, 
it will become. ee 
Thus | 7) 14 =2 
7.21 =3 3 
And how thoſe greateſt common Meaſures may be found, 
comes from Euclid 7. Prob. 1, 2, 3, and is thus: e 


Divide the greater Number by the leſſer, and that Diviſor by the 
| Remainder (if there be any) and ſo on continually until there be no 
Remainder l:ft : Then will that laft Diviſor be the greateſt common 
Meaſure (and if it happen to be 1, then are thoſe Numbers Prime 
Numbers, and are already in their loweſt Terms; but if otherwiſe) 
Divide the Numbers by that laſt Diviſor, and their eh will 


be their leaſi Terms required, 
EXAMPLE. 


Let it be required to find the greateſt common Meaſure of 72 
and 108, VIZ, of 1g · N n | 


2360 72 (a. 1 | Here becauſe there is no Remainder ; 
„ 1 36 is the greateſt common Meaſure. | 
(0) 525 ; 
Therefore f 36) 72 — 2 | 1225 er is abbreviated 
be 2 30) 108 = 3 to 5 the loweſt Terms. 
Again, to find the greateſt common Meaſure of 744 and 899. 


Thus, 


| Chap. - 4. "of Dulgar F rartions. 53 


Thus, 744) 500 (1 
744 


1550 Te 


124) 155 (x 
Be. | 
310 124 (4 
. 
0) 
Have JT is wand to be the greateſt common Meafure by which 
764 and 899 may be abbreviated to 24 and 29 their loweſt Terms. 
Thus, 43 (=$43 JE 
Note, If the propoſed Numbers be even, they may be brought 
lower by a continued halving of them, fo long as hens can be 
halved, diz. divided by 2. 


EXAMPLE. 


It is required to Reduce 55 to it's leaſt Terms. 
Firſt, 2) 45 (=2% Again, 2) 22 (44. 
This done, you eafily perceive that 7 will be the dannen Mes- 
ſure to 14 and 21, viz. 3) 4+ (= &c. 
If the Numbers propoſed to be reduced have each a Cypher, or 
Cyphers, annexed to them, they will be abbreviated 1 cutting 
off x like Number of Cyphers from both. 
Thus, 4252 will be 45. And 222 will be 2, c. 
That is, 353=33=5+ And 333=3. And 15 8 


— A * 1 e md 


Sect. 5. Addition of Fractions, 

HA T hath been done by the Rules in this Chapter, is chiefly | 

to prepare and fit Fractions of different Denominations for 

Addition or Fubtraction, as Occaſion requires, viz. If they are 

Compound Fractions, they muſt be reduced to Simple or Pure 
Fractions, per Rule, Sect. 1. 

If they are of different Denominations, tay muſt be altered or 


- 


changed, per Rule, Sect. 2. 


That is, all Fractions muſt be brought into one 1 


before they can either be added or ſubtracted; and that being 


done, Addition \ is thus performed. 
R UL E. 
Adu together all the Numerators, and their Sum will 3 a New 
Numerator, under which ſubſcribe the Common Denominator. 
I En xamples 


2 and A vis. , and ! but 114 the Sum 


. 1 e Is... 1 


— 
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Examples in Simple Fractions.. 
Let it be propoſed to add +, 2, and 2, together. Firſt, 32 885 
3233, and 3 1— 5 per Sect. 2. 


Then 38 28 =I, the Sum required, which according 
to Sefion 3, is 1 885 Viz, 38 18. 


Examples in Compound F ractions. 


Let it be required to add 3 and 4 of + into one Sum, Firſt 2 
of ; becomes -* TE, or 5 per Sect. 1. And (per Sect. 2.) 4 and 2 0 


OE VIZ. FINES + 


Examples in mixed Numbers. 


. is required to add 5 4 to 7 2, theſe per Sect. 3. will be *7 and 
. But and will become 4 and 22 per Sect. 2. Then 
LL 6 + 93 = AA "and iz the Sum required. 
"Or you may bring only the Traction to one Denomination. 
Thus, 55 I and 7 4 I will become 5 F and 7 Ve 


Then 5 Tz T 0.” r 1 That i IS 13 A · As before. 8 


ks oa 


Sect. 6. Subtraction if F cactions.. 
RULE. 


— 


ga ; RA CT one Numerator from the other ( 9 TR as 


the Queſtion requires ) and their Difference will be a new Nume- 


rator, under which Subſcribe the Common Denominator, as in 


Addition. 
EXAMPLE 


Let it be required to take 5 1 ofs. F irſt 2 and 4 per Sect. 2. 


will become 3+ and 4 57 then 27. 8 84 that is 3— 3 2 1 


5 82 
„ i 


It is required to Subtract = of 5 from 44. Firſt, Zof 3 = 25 


As was required, 


— 79 
Fee. 2. . TE On FH por 
Ee 0 2. en 7 wm TTT _ 375 | 


'E TE MPLE 3. 
From 6 4 Subtract 3 22. Firſt, 6 your! 7 752 and 3285 per 


J T 


Rule Sect. 2. Again, e, and 13 Tre: „per Rule Sect. 2. 6 
Then r — r = 2422 255+ Or otherwiſe thus: ; 


Fuſt, 


Chap. 4. Of Yulgar Fractionns. 6s 
F Firſt, 6 7 + 75 then bring 2 and 22 into one Denomination, 
viz. 5 1 5 $42 and 327 = 3452.” | 
| Then 5 £3 71 — — 375; = 2422 — 24. As before, 
EE SAMPLE 4. 

Let it be required to Subtract 3 of g of 2 from 7. 
Firſt, 4 of 4 of F= Fp7+ And 7 = 6 289 129. 
Then 6 533 — 35 = 0333 = 653 = 7—of $of 2. As 
Was required, 

If theſe few Examples be well underſtood, the whole Buſineſs 
of adding and ſubtracting Vulgar Fractiont will be ealy; which 


is really much more difficult to perform than either Multiplication 
or Diviſion ; as will — in the next Section. 


a 


Sect. 7. ' Bultiplication » of F cactions. 


1 N order to perform either Multiplication or Diviſion, you muſt. 
prepare the Terms to be multiplied (or divided) thus : Reduce 
Compound Fractions to Simple ones, per Sect. 1. Bring mixed 
Numbers into improper Fractions, and expreſs whole Numbers 
Fraction-wiſe, per Sect. 3. Alſo it will be convenient to abbre- 
viate them to their ſmalleſt Terms, when it can be done. Then 
Multiplication may be thus performed. 
: Multiply the Numerators one into A for a neu Nu- 
Ku merator ; and the Denominators one into another "for a new 
Denominator, As in theſe 


EXAMPLES. | 

1. The Product of + into 3 . That is, I 
2. And the Product of -2, into 2 2721 I, Or KEE: 
3. Again, the Product of r into 4 of 5 - Or Fr 
i ny gs Then 2 x 32 = 9 A. rr 5 

Let it be required to multiply 6 with 37. Theſe prepared 
hr the Work will ftand thus, 4 x 7. . 
„ O=camnd34= 7, Then £ 1 12 or 204. 
Or, otherwiſe thus 6 Xx Z= 18. And = 5 * GN 25. 
Then 18 +24 = 204, As before. 

Let it be bs to multiply 7 4 with 5 J. 
Fur 75 ü 1 3== 1", Then FX = 405. 
The Reaſon of this Rule for Multiplying of Fractions, and 


conſequently of theſe Operations, and all others performed by 
it, will be evident from this following. "Y 5 
Vi. 


3% ́ũœ :! d 


Vix. Tf + + be multiplied with I according to the Rule, their 
Product will be . But * 28. 
Now 1 25 and hs per $ Sect. 3 But 4 > * 2=8, Ergo, &c. 


EY 
. — 


Sect. 8. Diviſion of F ractions, 


＋ HE Froftion hens firſt prepared as before directed, Diviſin 
may be thus performed : 


Multiply the Numerator of the Dividend, DP the FRED 
}. minator of the dividing Fraction for a new Noemeratir : * and 

multiply the other Numerator and Denominator together, fr 
a new Denominator. | 8 5 


EXAMPLES. 


2. Let; be divided by 3, viz. 3) Ar (4% = 2 2 the Quotient. 
That! is, "according to the Rule 6 x 7 = 42 the new Numerator, 


and 25 x 3= 10s, the new N Se. as above. 
WO” A it be required to divide 3 7 by bz, Viz. 11) 27 (352 
21 


For 12 * 20 = 240 the new Numerator, and 27 x 5=135 
the new Denominator. 


1 Suppoſe it were required to divide - by > of 5 5 
uſt, 2 of lea e 

4. Let 202 2 be divided by 3.2 V 
Fbr 20 192, and 44 =. Then 7) 5 (=6 the Quotient. 

5. Let it be required to divide 40 25 
Fut, 10 5385, and 543 = To Then 1 1 2546 (A 
But e = 7 z the true Quotient required. 

6. Suppoſe it were required to divide 13 by 5. 
Firſt, 13= >. Ther) (9 = 183, the Quotient, 


- Again, let it be required to divide 5 7 by 6. 
Via. 1) 5 (x for the Quotient required. 


N. B. From hence you may obſerve, that when any whole 
Number is divided by a proper Fraction, the Quotient will be 
2 than the Number propoſed to be divided: But if any 

raction be divided by a whole Number, greater than 1, then 


the Quotient will be leſs than the Dividend: As in the two laſt 
. 


F 


. As 


cd 0 


* 


it's Improvements, and t 
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As to the Reaſon (or Proof) of this Rule for dividing Fractions: 
It is only the Converſe to that of Multiplication, and will be very 
evident from this Ing. 

Let ** be divided by 4. Which according to the Rule i is 
thus, 4) 44 42 (25 =4. The true Quotient. Now */ = 8. And 
4'= 2, Ser Set. 3. Conſequently +? divided by + is but the 
ſame with 8 divided by 2. vis. 2) 8 (4. The Quotient as 
before. 

I could have inſerted Geometrical Demonſtrations, for the Rules 


of Multiplication and Diviſion of Fractions; but ſuppoſing the 


Learner as yet unacquainted with thoſe kind of Demonſtrations, 


I thought theſe might de more intelligible to him, 9 in 
5 this place. 


- 


8 > T . a 2 
wy. P 5 — ry 
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07 Detimal Fractions. 


72 HE N, or by whom, this excellent ede of Decimal 


Tears, 


Sect. 1, Of Notation, 


| I N Decimal Fractions, the Integer or whale Thing (whether it 
be Coin, Weight, Meaſure, or Time, &c.) is ſuppoſed to be 

divided into Ten equal Parts; and every one of thoſe Ten Parts 

are ſuppoſed to be ſubdivided into other Ten equal Parts, &c. ad 


infinitum. 
The Integer beiog thus divided ( by 8 into IO, 100, 


1000, 10000, &c. equal Parts, becomes the Denominator to the 


Decimal Fractions. 


£4 | 
Thus, 7 Too bv redes 1 5585 Sc. 
Now theſe Denominators are ſeldom or never ſet down, but 


only the Numerators ; and thoſe are either diſtinguiſhed, or ſepa- 


rated from whole Numbers by a Point, or a Comma. 


Thus, 5, 4 is 5 Fs. and 0,7 is s. 35,05 is 35 = „e. 


But before we proceed further in Notation, it will be conveni- 
ent for the Learner to conſider the following Table, (taken out of 
the learned Mr Oughtred's Clavis Mathematica ) which ſhews the 


wy F oundation of Decimal Fractions. 
1 II hole 


Arithmetick was 57 introduced, is uncertain; ; But doubtleſs 
Perfection it is now in, are owing to later 


XP 
1 
M. 


1 —_— 


WAS 4 
* 
* 


Arithmetick. 


| I hole Numbers, Decimal Parts. 
* f eil N _— £ : BE 1 | 
[Feser 
[SSS 228 2 
| DD oo wo w wo Oo.» 
— ' | j : D : 4 | 5 
| SEE ens 
| 22 A 1 
> Ho > Ra a kg IC 
"1B SAS d 
* Sees 
LEEDS 
5 "0:8 | 
: 


By this Table it is evident, that as in the whole Numbers or Inte- 
gers, every Degree from the Units Place increaſes towards the 
left-hand by a Ten- fold Proportion: So in Decimal. Parts every 
Degree 1s decreaſed towards the right-hand by the ſame Propor- 
tian, viz, by Tens. F | 


| Therefore theſe Decimal Parts or Fractions, are really more 
Fomogeneal, or agreeing with whole Numbers, than Vulgar Frac- 
tions; for indeed all plain Numbers are in effect but Decimal Parts 
one to another. l 21 VVV 

That is, ſuppoſe any Series of egual Number, as 444, Ec. 
The firſt 4 towards the Left is Ten times the Value of the 4 in 
the middle, and that 4 in the middle is Ten times the Value of 
the laſt 4 to the Right of it, and but the Tenth Part of that 4 
on the Left, S en eee | 

Therefore all or any of them may be taken either as Integers, 
or Parts of an Integer : If Integers, then they muſt be ſet down 
without any Comma or ſeparating Point betwixt them thus, 444. 
But if Integers, and one Part or Fraction, put a Comma betwixt 
them thus, 44.4 which ſignifies 44 whole Numbers, and 4 Tenths 
of an Urit : Again, if two Places of Parts be required, ſeparate 
them with a Comma thus, 4,44 viz. 4 Units and 44 Hundred 
Part; of an Unit, e. dd: 

From hence (duly compared with the Table) it will be eaſy to 
conceive that Decimal Parts take their Denomination from the 
Place of their laſt Figure. | 


| 5= . 
That 16, „56 2 55. Parts of an Unit, Nc. 
| »050 = 15% 7 


Cyphers 


; 
[ 


5 


li; 


ae ee i te 
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© Cyphers — to Dana Parts, alter not their Value. As 
* 4 500, or 5000, &c. are * but 5 Tenths of an Unit. 
J rr = 75+ Per Sed, 4 
of the laſt Chapter ? 
But Cyphers prefixed to Decimal Parts decreaſe their 7 alue, by 
removing them further from the Comma. 


35 = Tenth Parts. = 
Th , ,05 = 5 Parts of a Hundred, 
us } ,005 = 5 Parts of a Thouſand. 
,0005 = 5 Parts of Ten Thouſand. 


Conſequently the true Value of all Decimal Parts are known 
by their Diſtance from the Units Place; this being once rightly 
underſtood, we 2 reſt wr be A; 


Set. 2. Addition and Subtraction 1 of / Decimals. 


JN ſetting down the propoſed Numbers to be added, or ſub- 
tracted, great care muſt be taken in placing every Figure di- 


rectly underneath thoſe of the ſame Value, whether they be mixed 
Numbers, or pure Decimal Parts, and to perform that you muſt 


have a due regard to the Comma's, or ſeparating Points, which 
ought always to ſtand in a direct Line one under another; and to 


the - Right-hand of them carefully place the Decimal Parts, accord- 


ing to their reſpective Values, or Diſtances from Unicy. Then 


and from their Sum, or Difference, cut off ſo many Decimal 
Parts as are the moft 1 in any of the given Numbers. 


EXAMPL ES in Addition. 
Let it be required to find the Sum of theſe following Numbers, 


1 Add or ſubtract them, as if they were all whole Numbers; 
Rule 


viz. 34,5 + 65,3 + 128,7 +95 + 87,8 + 779, which 8 


truly placed, will ftand 


Their Sum required, 49% 
12 EXAMPLE 
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5 Arithmetlſ, Far 


EXAMPLE. 2. 


Let it be required to find the Sum of 25,8 54+ 34» 50 
+1 3.97. 
| 25,854 
34,578 
9,076 
13,907 


83,415 The Sum required. — 4 
When the Decimal Parts propoſed to be added (or ſubtraQted) 
have not the ſame Number of Places, you may for convenience 
of Operation ſupply or fill up the void Places, by annexing 185 
phers. As in theſe Examples. 
EXAMPLE 3. EXAMPLE 4. EXAMPLE 5. 


4550700 3574,678953 0,975042 
50, 7580 955796430 745257 
123, 0057 18, 054600 3 
74,7020 544789000 800700 
24,8000 | 8,900000 640530 
318,3357 812,218983 7677 


EXAMPLES in Subtraction. 
Let it be required to find the Difference between 45,37 5 and 


| 74 [( 
EXAMPLE 1. EXAMPLE 2. EXAMPLE 3. 


That is, From 74,284 From 437,5 From 75,0034 
Take 45,375 Take 8 Take 57787 * 


Remains 28 „909 347,84 3 17,1284 
EXAMPLE 4. 
Let it be required to find the Exceſs between 562 and 93,5784 | 


EXAMPLE A. EXAMPLE 5. 

That is, From 562, From 345, 7578 
Take 9355784 Take 157, 

The Exceſs 468, 4216 188,778 


Note, The two laſt Examples are ſuppoſed to be fapolied with 
& phers, which if actually done would ſtand thus, 


= RIES 34537578. 
93,5784 . I $7,9000 
Remains 463, 4216 As Falke. 188,7 55 8 


EXAMPLE 


Chap. 8 Decimal | Fractions, 5 er 


EXAMPLE 6. | EXAMPLE 5. 
From o, 547893 From 1,000000 
Take o, 439758 Take 0,997 543 
o, 108133 o, 02457 


The Proof of Addition and Subtraction in Decimals, i is the 
| fame with that of whole atm, page 13, &c. 


— 


Sec. 3. Pultiplication f Decimals. 

W HET HE R the Factors or Numbers to be multiplied are 

pure Decimals, or mixed, Multiply them as if they were all 

whole Numbers, and for the true Value of their Product obſerve this 

Cut off (viz. ſeparate with a Comma) ſo many Places ef 

Rule Decimal Parts in the Product, as there are in koth the Face 
tors accounted together. As in theſe. 


EXAMPLE 1. EXAMPLE 2. 
3,024 | 32,14* 
223 . 
90 72 963 6 
604 8 128 48 
& 048. 642 4 
6 6,74 352 780,51 3 


The Reaſon why ſuch a Number of Decimal Parts muſt be cut 
off in the Product, may be eaſily deduced from theſe Examples. 
Thus, 

In Example 1. It is evident, that 3. the whale Number in the 
M.ultiplicand, being multiplied with 2, the whole Number in the 
_ Multiplier, can produce but 6 (v:z. 3 x 2 = 6). So that of ne- 
ceſſity all the other Figures in the Product muſt be Decimal Parts; 
according as the Rule directs. 

Or, the Rule is evident from the Multiplication of whole Num- 
bers only: Thus, ſuppoſe 3000 were to be multiplied with 200, 
their Product will be 600000 ; That is, there will be ſo many 
Cyphers in the Product, as are in both the Factors, ( Vide page 18. ) 
Now if, inſtead of thoſe Cyphers in the Factors, we ſuppole the 
like Number of Decimal Parts; then it follows, that there ought 
to be the ſame Number of Decimal Parts in the Product, as there 
were Cyphers in the Factors. 

Again, the Rule may be otherwiſe made evident from 
Vulgar Fractions, thus: Let 32, 12 be multiplied with 2413, 

and 


62 3 —Arlehpmetick. © Pert 1. 

and er Product will be 780,5 16 as in Example 2, above. 

Now 32, 12 32 P. and 24, 3 = 24 £;» Which being brought 

into Improper Fractions (per Sect. 3. page 50.) wil become 
32 79 = Too and 24 Fe = 2 

Ten e x 465 = 739585, yer $2. 7. page 55. 

But 2888 = 780 . on VIZ. 780,516, as before. 


Any of theſe three Ways do, 1 preſume, ſufficiently prove the 
Truth of the aboveſaid Rule, Se. 


BXAMPLE 3 EXAMPLE 4. 
78,546 e 
25 430 5 - „0675 | 
471276 : 28725 
235038 9 40215 
314184 | 34470 
34246, 56 287,775 


N. B. 7. ſometimes happens i in multiplying Parts with Part Sy 
that there will not be ſo many Figures in the Product, as there ought | 
to be Places FA Decimal Parts by the Rule : In that Caſe you muſt 


ſupply their efeet by prefixing IE to the Product; as in theſe 
<xampl e. 
EXAMPLE. 5 EXAMPLE 6. 
52365 „ 
= ,0236 
+ — | | 
11825 | F 2082 
7995 1041 
9460 ä 
4730 OO — 
— — 5 200081892 
05758775 


When any propoſed Number of Decimals i is to be multiplied 
with 10 , 100 . 1000. 10000, Cc. it is only removing the 
ſeparating Point in the Multiplicand, ſo many Places towards the 
Right-hand, as there are Cyphers in the Multiplier. 


Thus, „578 X 10 = 5,78. And , 578 x 100 = 57,8. 


Again, ,578 x 1000 = 578, W 2578 x 10000 = 5780. 
I Theſe 
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" Thek things being conſidered, it will be eaſy to — ly 
Decimals, and determine their true Products. As in theſe follows 
ing Examples. | 


575056 multiplied into 707670 will Jeolt 32,978368 
750543 into 5,4246 will produce 41, 52151378 
5,6879 x 0405674 = 0,03227 31446 
* Jo ,3246 * 0, 02364 = 0,0007672544. 

5 87649 x o, o3687 = 873 „61863 
94.357088 * 6, 57869 = 20, 511100034 
5 * 52,7438 = * 165,599 5001296 


In yy it will be needleſs to expreſs all the Figures of the 


product at large, (eſpecially, when the Factors have each of 
them many Places of Decimal Parts, as in the two laſt Exam- 


ples) only ſo many of them as may ſuffice for the intended 
Deſign ; and yet the Product may be as true to ſo many Figures 


as ate retained, as if the Factors had been multiplied at large. 
And ſuch, compendious ContraQtions are not only of Curioſity, 


but may alſo be found of great Eaſe and Uſe to the i ingenious 
Practitioner; eſpecially in reſolving adfected Equations, or in 
calculating of Trigonometrical Problems by the Natural Sines 
and Tangents, &c. All which may be thus performed. 

Viz. Set the Unit's Place of the Multiplier direcily underneath that 
Figure of the Multiplicand, whoſe Place you intend to keep in the 
Product; and place all the other Figures of the Multiplier in a quite 
contrary Order to the uſual way. Then m multiplying always begin 
at that Figure of the Multiplicand which flands over the Figure 
therewith you are then a multiplying, ſetting down the firſt Figure 
F each particular Product direftly underneath one another; yet 
herein you muſt have a due Regard to the Increaſe which would "ariſe 
out of the two next Figures to the Right-hand of that Fi gure in the 
2 which ou then begin with. 


EXAMPLE. 


Let it be e to multiply 3.141502 with 52,7438, and 


retain only four Places of Decimal Parts in the Product. 
If the propoſed Numbers were to be multiplied at large, they 
muſt ſtand in a direct Order as uſual. 
Tb 3141592 And would produce ten Places of 
a 52,7438 {Q Parts, as in the laſt Example. 


But 


= — 3263 ͤ ðW— —.̃ ˙ ELIDA IEC EEC ERIE IRS — 2 p a 
7 * p * r * 4 
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Arithmetick, Pur 1, 


But ſeeing it it is 18 to have only four Places of thoſe Parts 
in the Product, ſet them down as before directed, and they will 


ſtane 
„141592 The Multiplicand placed as ; before. 
Thus 2 The Multiplier in a reverſe Order. 
. 570796] The Product with 5, regard had to 5 times 2. 
62832] The Product with 2, increaſed with 9 x 2. 
21991 Product with 7» increaſed with 5 X 7+9 X 7. 
1257 Product with 4, increaſed with 1 x 4-+5 Xx 4. 
94 Product with 3, increaſed with 4 x 3. . 
25 Product with 8, increaſed with 4 x 8+1 x 8. 


5 : 16 55699 i The true Product as was e 


Tube Reaſon of this Contrafion is very obvious from the 


whole Operation wrought at large. 
Thus | 3.141592 


r 
2513273 il . From hence it is beider, tht al the Fi- 


94 YN gures in the Square te the Right-hand, are 
12 5616 holly omitted in the former Contruction; and 
21 9911 that the !a/? jingle Product here, is the firſt 
6 2831 Ya | there; conſequently the Reaſon for placing 


157 0796ſ9 the Multiplier in a reverſe Wo muſt needs 
| — appear, very W 5 | 


265,6995/001296] | . 
5 EXAMPLE 3. 


Suppoſe it were required to multiply 257,3 56 with 76,48 and 
to have only the entire Product of Integers. 


„% The ſame at large f 2571356 | 
11 8 6 
1544 | : TOUTE 
* „ 
1 : : 20 Rs 
19082 eee 


The chieſeſt Care and Difficulty that attends theſe Contractions, 
is the true ſetting down of the Units place in the Multiplier un- 


derneath the proper Figure of the Multiplicand, according to the 


deſigned Product. 


Viz 


» ood ade So Fe G 


— 


— 


0 WP. At 


_ "I * — 


Viz. In Example 1. It was required to have four Places of 
Decimal Parts in the Product; therefore the Unit's Place of the 


Multiplier was ſet under the fourth Place of Decimals in the 


Multiplicand: And in Example 2, becauſe it was required to 


have an entire Product of Integers only; therefore the Unit's Place 


of the Multiplier was ſet under the Unit's Place of the Multipli- 
cand. This being once rightly underſtood, will render the 
Method eaſy in Practice. | 


8 n —t— 


Sect. 4. Diviſion of Decimals. 
D IV ISION is accounted the moſt difficult Part of Decimal 


Arithmetick : In order therefore to make it plain and eaſy, 
it will be convenient to reſume what has been ſaid in page 25. 


Tt The Quotient Figure is always of the ſame Value or Degree 
Viz, J wrth that Figure of the Dividend, under which the Unit's 
CT Place of it's Produd? flands, | 


As for Inſtance, Let 294 be divided by 4. 


Place of 4 x 7 ſtands under the Tens Place 
Cof the Dividend. 
14 (3 But this is only 3. | 

= 


4) 294 (7 
. 28 


Remains (2) Hence 73 = is the Quotient, 


Now if to the Remainder 2 there be annexed a Cypher (thus, 
2,0) and then divided on, it muſt needs follow that the Unit's Place 
of the Product, ariſing from the Diviſor into the Quotient, will 
ſtand under the annexed Cypher; conſequently the Quotient Fi- 
gure will be of the ſame Value or Degree with the Place of that 
Cypher: But that is the next below the Unit's Place, therefore 
the Quotient Figure is of the next Degree or Place below Unity; 


That is, in the firſt Place of Decimal Parts, 


NS Thus 4) 2,9. (,s 
So that 4) 294,0 (73,5 the true Quotient required, 
This being well underſtood ; Diviſion of Decimals may (in all 
the various Caſes) be eaſily performed. However, that it ma 


be rendered plain and eaſy even to the meaneſt Capacity, if pot- 


ſible, let Diviſion be again defined, as in Page 21, = 
| | | | Z. 


— 
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This is not 7 but 70, becauſe the Unit's | 


„ 5. 


= Arithmetich. Part I. 


we 
* Pail. — — 


3 77 that N . which Divides. anather, be PTR with 
the Number which j is quoted, their Product mill be the Number divided. 
This Definition alone (if compared: with the Rule page 61.) 
will afford a general Rule for diſcovering, the. true ie of the 
Quotient, Figure in Diviſion of Decimalss. = 


| Th Places of Decimal Parts in the Diviſor ai Quotient 
* counted together; muſt always be equal in Number with 
thoſe in the Dividend. And from this general Rule ariſe. 


ET 
Caſe 1. When the places of Parts in the Divifor and Dividend 
are equal, the;Quotient will be. whole Numbers, 


As in theſe HO: 
8,45) 295375. 75 ern orly 52: ) 68 (5e 
bak... 2 FFC 
| 4 1 „ 5 468 9 
Go) ee 


Caſe 2. When the Places of Parts in the WW 
in the Diviſor; cut off the Exceſs for Decimal Parts | in the Vo- 
tient. As in theſe Examples, 


24, 3) 780,516 (32,12 436) 34246,056 (78,546 
22 TA 3052 | 
515 e 
486 3488 
201 N 8 
243 2180 
186. 534) 6438 657 200 
— _— 1744 
„„ 3738 2616 
228 2616 
() (0) 


Caſe 3. When there are not ſo many places of Parts in the 
Dividend, as are in the Diviſor, annex Cyphers to the Dividend 
to make them equal. Then will the Want be whole Num- 
bers, as ia Cafe 1. 


EE . EXAMPLES. 


Ce 


d 
Y 


. 


= "MW N 05 "Decimal Fractio 
E XAMP LE. | 
Let! it be ala to divide 192, 1 by 5684, and 441 th 78 5. 


Z 


ns. 5 


7,684) 392,100 (25 57875) 761 088 60 
„„ 0934 -- 
38 420 | 47 250 
38 8 47 250 
2 5 ZE IT” 


K. If, after Diviſion i is Kniſtied, wers are not ſo Wag Fi. 
gures in e Quotient, as there ought to be Places of Parts by the 
Bs Rule; ſupply their Deſect by pref xing Cyphers to it. 


1 8.5 EXAMPLE. 7 
1 it be required to divide 7,2 5406 by o 55 


957). 7 2 5406 (,907 58 the true Quotient Rs 


99 
_— Again 575) ,0007475 (,0013 
7%: A 375 
7656 1725 
On. 3 
_ (0) or of I 


Note, When Decimal Numbers are to be divided by 10. 100. 
1000. 10000. Cc. that is, when the Diviſor is an Unit with 
Cyphers; Diviſion is performed by removing or placing the 
ſeparating Point in the Dividend, ſo many Places towards the 


Left-hand, as there are 'Cyphers i in the Diviſor. 


EXAMPLE. 
ro) 5784 (578,4 100) 578,4 (5,784 
1000) 5784 (5,784 10000) 578,4 (,05784 


Note, Theſe Operations are the direct Converfe to thoſe in page 62. 
I preſume it needleſs to give more Examples at large: only I. 


ſhall infert a few Dividends, and Diviſors, with their Quotients, 


wherein are contained all the Varieties that can happen in Diviſion 
of Decimals, 


574) 493,066 ( 359 5.74) 49,3066 8.50 
574) 403,006 (,859 6,74) 49 3066, 0 (850; 
574) 49,3066 (0859 „0574) 493,665 (8500 

5774) 4930, 66 (859 40574) „493066 (8,59 
K 2 .- "There. 


1 


68 Arithmetick. Part I, 
There is alſo a compendious Way of contracting Diviſion, like 
that of Multiplication, page 64, by which much-Labour may be 
ſaved ; eſpecially when the Diviſor hath many Places of Decimal 
Parts in it: And it is thus performed. | | 
Having determined how many Places of whole Numbers there 
will be in the Quotient, if any at all; or if none, of what Value 
or Place the firſt Figure in the Quotient will be: Then omit, or 
dot off one Figure of the Diviſor at each Operation; viz. for 
every Figure you place in the Quotient, dot off one in the Di- 
viſor; having a due Regard to the Increaſe which would arife from 
the Figure ſo omitted. re bn 


OO EXAMPLE. 
Let it be required to divide 70, 23 by 7, 9863. 


The Work contracted. | The ſame at Length. 
7,9863) 70, 2300 (8,7938 7,9863) 70,2300 (8,7938 
„ 8904 Tn 63 8904 
6 3396] 6 339tÞ = 
. 0 
749247 749i 
„ E 
„ es r 
„ 239589 
= +. - - | 645410 
— 4 6533904 
(2) | RE ak 


The Work cantrafted I preſume is ſo obvious (if compared 
with the ſame at large) that it is needleſs to give any farther 
Explanation of it. 8 | | 


11 


Sect. 5. To Reduce Dulgar Fractions 2 Decimals, 
ED and the contrar . 
A NY Vulgar Fraction being given, it may be reduced, or "= 
ther changed, into Decimal Parts equivalent to it. Thus, 
Annex Cyphers to the Numerator, and then divide it by 

Rule the Denominator, the Quotient will be the Decimal Parts 
i | equivalent to the given Fraction; or at leaſt ſo near it as 

may be thought neceſſary to approach, ai ian 


. 


5 


34, 139. 44. 


775 f Berimel Fractions, 6 
1 EXAMPLE. 
It is required to change or reduce + into Decimals. 

" N (75 The Decimal Parts required, 
That is, 4 = {Z&5 =475» i | 
Again à 2,53 thus 2)1,0 (5. And;= 4,25; 4) 1,00 (,25 


—— 


Suppoſe it were required to change + into Decimals. 


7) 4,0000000000 (, 57 142857 14 Cc. = f. 
Note, When the laſt Figure of the Diviſor, (that is, the De- 


' nominator of the propoſed Fraction) happens to be one of theſe 


Figures; Viz. 1. 3. 7 + Or 9 (as in the Example) then the 
Decimal Parts can never be preciſely equal to the given Fraction; 
yet by continuing the Diviſion on, you may bring them to be very 
near the Truth. As in this Example * Suppoſe it was required 
to change f into Decimal Parts. 1 h TEM 


13) 1,0000 (,07692307692307 H. ad infiitum. 


91. | : | | 5 
5 That is, o, 769230769230 = Fx ferd. 
= a And from hence it may be farther 
1 obſerved, that in theſe imperfect 
— Quotients, the Figures do return again 
30 and circulate in the ſame Order as be- 
26 fore: as you may eaſily perceive they 
„ begin to do in the ſeventh Place of 
: 9 both theſe laſt Examples. 5 ; 
10 OO 
&c. As at firſt, 


Theſe being underſtood, it will be eaſy to find the Decimal. 


Parts equivalent to any known Part or Parts of Coin, Weights, 


Meaſures, Times, &c. If you firſt reduce the given Parts of 


Coin, Sc. into a Vulgar Fraction, whoſe Denominator is the 


z 


Number of thoſe known Parts contained in the Integer, and the 


given Parts it's Numerator. 


| Examples in Coin, &c. 
1. Let it be required to find the Decimals of 16s. 6d. Firſt 
16 5. = 25 of one Pound, and 64. — , of 11. | 


But 28 ＋ # =43- Then 40) 33,000 (,825, the Decimal 
Parts required: That is, „825 = 16s. 64. 


Again, Suppoſe it were required to find the Degimals equal to 


Here 


—— — —— n — 


” as. 
4 - 160) wa. Na 
- * — — 2 . . 5 


70 mo Ae. 5 Fan I. 


Here 37 is I Integers and · 35. = 23 of 11. ond Tee — 
But 23 TC 21 = 428. Then 240) 160,000 (o, 666666 Oc. 
Hence 21. I 3 5. 4 d. = 3,66666b Sc. As was required. 


2. What are the Decimals equal to 7 4 Inches, one Foot being 


made the Imeger? 
Firſt, 7 Inches are 2 of 8 Foot, and 4 of 1 Inch are 


But rr Then 48 31, 00 (, 64583 0. 271 Inches 


Let it be required to change 8 Oz. 19 Put. 8 Grains into 
Decimals ; one Pound Troy being the Integer. 

Theſe being reduced into the leaſt Terms, and added ce 
will become 432+ of 1 Pound, 

Then 5760) 4304, oco (74722 &c. The Decimal required, 
And thus may any propoſed Parts of Coin, Weights, Meaſures, 
Oc. be reduced or changed into Decimal Parts; which perhaps 
may at firſt ſeem ſamewhat tedious in Practice, but being a little 
acquainted with them it will be found very eaſy; and the ingenious 


Practitioner will (with a little Conſideration) ſoon find how to i 
reduce them almoſt mentally; or with the help of a very few Fi- 
gures, without the Uſe of ſuch large Tables as are uſually inſerted 


in Books of Decimal Arithmetick; or at moſt they may be contrac- 
ted into ſuch as theſe following, which if duly applied to _ 
"Tables in Chap. * wlll be found very uſeful. 


| Decimal Tables, 5 
wg In Fnalim Com. | Averdupors Weight. 
2,05. 1s, 110,0025.... = I Ounce. 2 
0,004 6667 , = 1 d. 0,00390025 = 1 Dram, | 


0,00104107 = I Farthing. I 1b. being the Integer. 
Lt. being the Integer. 5 Wh - . 


a 5 ” 
8 On” 8 


I Oz. being the Iuleger. 


* 


0,00055803 = 1 Ounce. 
1 C. being the rage. 


A ſotbecaries Weight. 


PET OE I Tae, 
0.226; <1 £0 i row, 0 „04. 66667 — = 1' Hour, 
o, 041666675 = 1 Scruple. | 90,0: 0094.14 = 1 Minute. 
o, o 208333 = 1 Grarn.  [{o,00001157 — 1 Second. 
1 Oz. being the Integer. [| 1 Day, or 24 Furs, being made 


| 25 — ; - 
Troy IWeight. | HAverdupois Great Weight, \ 
, 5 . 1 Pur. e, . 
9,09 208333 = 1 Grain. © 0892857 = . 


| the Integer, _.. 
1 — | 


The Uſe of theſe T ables will be evident by the following 


EXAMPLE. 


Chap. 5. E f Decimal — 8 : 


Let it be eden to , find the Decimal FRE equivalent to 
175. 9d. 2 Parthings. : 11 
Firſt o, os = 1. Therefore e 1% 1. 
And e 1 4. Therefore ,004.166 X9=03749429/4 4. 

Alſo 2),004166(=,002083= 
Conſequently their Sum, viz. o 85885571 92 
Now to find the Value of Decimals in known Parts of Coin 
or Weights, &c, is only the Converſe of the former Work, and 
is thus performed. 

Multiply the given Decimals with the Denominator of the Vul- 
gar Fraction required: That is, multiply the Decimals with ſuch a 
Number of Units, as are contained in the next lower Denomina- 
tion of that Kind or Species which your Decimal is of; and the 
Product will be the Number required, 

EXAMPLE. 

1. Whatis the Value of 0,825 Decimals of I Wind "OPEN 
That is, how. many Shillings, Pence, &c. =, 825? Firft, the 
next lower Denomination is 20, becauſe : 205. make one Found. 

Therefore 5 5 
n 


5 | 


Shillings 16, 500 > and Parts of Shilling, 15 
7 oik$: | 


6,000 rt Pr Os als a= = 16s. 6d. 
Again, What are the known Parts of Engliſh Coin equal to 
3.666666 Decimals ? ; 


Here the 3 Integers are 3 Pounds. Then ,666666 


20 
Shillings 1 13, 333320 
e 1 | | 12 
Anſwer 3,6666666 = 31. 13s. 44. 566640 
3•3332 


Pence 3:999840 = 4 near. 
What is che Value of O., 747 22 Parts of 1 1b Troy ? 


Firſt, ,74722 Then, ,96664 _ Again, 33280 

Ko e 000" | 24 
1 49444 Piots. 19,33280 | 1 3312 
7 4722 - 6 656 

Oz. 8,96664 Oz, Pt Gr. 7798725 


Thete colleged are 8. 19. 8. very near. ESE 


— 


— noo ooo neon nonoamc — 
72 | Part I. 

And thus any propoſed Number of Decimals may be turned or 
changed into the known Parts of what they repreſent, viz. Whe- 
ther they be Parts of Coin, Weights, Meaſures, or Time, &c. 

I have omitted inſerting more Examples of this kind, becauſe 
I take the Excellency, and indeed the chief Uſe, of Decimal Frac- 
tions, to conſiſt more in Geometrical Computations, than in the 
common or practical Parts of Arithmetick, as will appear further 
on; although even in thoſe they are very uſeful upon ſeveral Ac- 
counts; eſpecially in the Computations of Intereſt and Annuities, 
&c. But of that more in it's proper Place. I ſhall therefore con- 
chude this Chapter, with a Remark or two upon the Nature and 
Properties of Fractions in general. Ros 

If any given Number (whether it be whole or mixed) be mul- 
tiplied with a proper FraQtion, either Vulgar or Decimal, the 
Product will be leſs than the Multiplicand, in ſuch a Proportion 
as the multiplying Fraction is leſs than an Unit or 1. I 
Dat is; as the Denominator of the Fraction is to ut's Numerator, 
| fo will the given Number be to the Product. _ 
Therefore, whenever any Number is to be multiplied with a 
- Fraction, whoſe Numerator is an Unit: Divide that Number by 
the Denominator of the Fraction, and the Quotient will be the 
Product required. Thus 12 x 4 = 3. And 12 42 3. Again, 
12 e = 6. And 1 11 2 6, %% „ Ea i 
From hence it follows, that if any Number be divided by a 
proper Fraction, the Quotient will be greater than the Dividend, 
by ſuch a Proportion as Unity is greater than the dividing 
Fraction. 
Thus 12 4 = 48, viz. 2: 1: : 12: 48, Cc. But the Truth 
of theſe will be beſt underſtood after the next Chapter. 


— 


Wy * . * Jo TH” * 


S 


of Continued Pyopoztions, ard bow 10 change or vary 
bbe Order of Things. Ht; 


Sect. 1. Concerning Arithmetical Progreſſion, aſually called 
Alrithmetical Proportion Continued. 


| W HEN any Rank or Series of Numbers do either increaſe 
or decreaſe by an equal Interval or common Difference, 


thoſe Numbers ate ſaid to be in Arithmetical Pi ogreflion, 


hm A ry 


* 4 * LEE 
— — — — 


Chap. 6. Or Dopotin, ey 73 


3 4s E 6 . 7 Ce. 8 Here the Interval or 
As} 56 'E i $7 24 2”; common Differ. is 1. 
Ort 2. 4. 6. 8. 10. 12. 14. Cc. a Here the common 

113 3 0-411 - 13. &6 Difference is 2. 

And ſo of any other Seiles, whoſe common Difference i is 


3 LIC 5 E 
Lemma 1. 


If any three Numbers be in Arithmetical Progrefiicn, te "oy 
of the two Extreams (viz. the firſt and laſt) will be equal to the 
Double of the Mean or middle Number. 


As in theſe, 2.4.6. Ot a RS. 7 
Fr. 2+0=4+4- Or3+9=6+6, And 3+11=7+7.&c, 
Lemma 2. 


Ir any four Numbers are in Arithmetical Progteſlion, the Sum of 
the two Extreains why be equal to the Sum of the two Means, 

. Or 3.60.9.1% 

Viz. APD e. And 3+12=6+9. &c. 


_ Corollary 1. 

From theſe two Lemma's it is eaſy to conceive, that ¶ ever fo 
many Numbers be in Arithmetical Progreſſion, the Sum of the two 
Extreams will be equal to the Sum of any two Means, that are equally 
diftant from thoſe Eætreams. 

As in theſe, 2.4.6.8 .10 . 12 14 . 16. 

Then een 

Or if the Number of Terms be odd, as theſe, 
td „%%% 10-13» $6. 19+ 15 156 
Then 2+ 18= 4 + 16=6414=8+12=10410 


Lemma 3. 

- Fach Term in every Series of Numbers in Arithmetical Pro- 
greſſion is compoſed of the Interval or common Difference, ſo 
often repeated, and added to the firſt, as there are Terms in the 
Progreſſion, after the firſt. 

As in theſe, 1. 3. 5. 7. 9. 11. 13. 156. 17. . 

Here the Interval or common Difference being two, it will 
be 1 3+2=5. 5+2=7. 72S. 9Þ2=2 be 
1422513. 134215, 18 Tail. & 

Corollary 2. 
Sas it is evident, that the Difference betwixt the tir Sins 


| (viz. 1 and 17) is compoſed of the common Difference, multiplied 


into the Number of all the Terms, excepting the fir/t. 
As in the aforeſaid Progreſſion, 1. 3. 5. 7. 9. 11. 13. 15. 


17. 5 
i L The 


. val Arithmetick. Parr I. 


1 he Number of Team without the firſt is 5 "Hg 
The common Difference is 2 | Multiply 


T he Difference betwixt the two Extreams 10 


Propeſition 1. 

In: any Series of Numbers in Arithmetical Progreſſion the two 
E and the Number of Terms ban given, thence to 
find the Sum of all the Series. 

| © Multi ph the Sum of the two Extreams into the Num- 
Thai ber of all the Terms; and divide the Product by 2. 
f De 2 will be the Sum of all that Series. Per 
Corol. 1. 

5 5 EXAMPLE I. | 

It is required to find the Number of all the Strokes a Clock 
ſtrikes in one whole Revolution of the Index, viz. twelve Hours, 

Here IFI2=13 the Sum of the two Extreams. 
12 the Number of all the Terms. 


8 — — 


26 


3 Y 
| Then 2) I 56 (78. The Number of Strokes required, 


EXAMPLE 8 

3 one Hundred E; gu were placed in a Right Line a 
Yard diſtant from one anotuer, and the firſt Egg _ a Yard 
from a Baſket ; whether or no may a Man gather up theſe 100 
Eggs ſingly one after another, ſtill returning with every Egg to 
the Baſket and putting it in, before another Man can run four 
Miles. That is, which will run the greater Number of Yards ? 

In this r 200 ＋ 2 202 Is the Sum of the two Extr. 
100 Is the Numberofall the Terms. 
— 5 The Number of 


T hen 2) 20200 ( 101009 Yards he runs that 


takes up the Eggs. 
Now 4 Miles= 7040 Yards 1 The Yards he runs that takes up 
But e 3060 the Eggs more than the other. 


| Propoſition 2. 


In an 8 of Numbers in Arithmetical Progreſſion, the two 


Extreams and Number of Terms being given; thence to find the 
common Difference of all the Terms in that Series. 


| The Difference betwixt the two Extreams, being 
Theorem 2. 


the Series. Per Corel, 2. | 
of E XA N P L E. 


divided by the Number of Terms leſſened by Unity or 
I. the Quotient will be the common Difference of 


ane RL. P. ca. W TEN 
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EXAMPLE r. 


One had Twelve Children that differed alike in all their Ages; 


the youngeſt was Nine Years old, the eldeſt was Thirty-ſix and 
a half; what was the Difference of their Ages, and the Age of 
each ? „ 5 5 | 
Here 36, 5—9 2 2, 5 The Difference of the two Extreams. 
And 12—1=11. The Number of Terms leſs an Unit. 
Then 11) 27,5 (2,5 The common Difference required. 


Conſequently 9 T2, 5 11,5 The Age of the youngeſt but one. 


And 11,52,5=14 The Age of the youngeſt but two. And 
= ſo on for the reſt, Per Corol. 2. | | 


EXAMPLE 2. 


A Debt is to be diſcharged at eleven ſeveral Payments to be 

| made in Arithmetical Progreſſion. The firſt Payment to be 
Twelve Pounds Ten 0 and the laſt to be Sixty- three 

Pounds. What is the whole Debt, and what muſt each Payment 

| Per Theorem 1. fon the whole Debt thus: 

12,5+63=75,5 The Sum of the Extreams, 

RY , of The Number of Terms. 

W : 

2) 830,5 (415.25 2415 J. 55. The whole Debt. 


Payment. 


Thus 63—12, 5 50, 5 The Difference of the Extreams. 


| And 11—1=10 The Number of Terms leſs 1. 
Ten 10) 50,5 (5,05=51. 15. The common Difference. 
. 5 . 1 3M F 


Conſequently 12. 1045. 1= 17 11 The ſecond Payment. 
) „% LE ,,... LS 
And 17. 11+5 . 1=22 . 12 The third Payment, &c. 


5 EXAMPLE 3. 

A Man is to travel from London to a certain Place in ten 

7 Days, and to go but two Miles the firſt Day, increaſing every 

„ | Day's Journey by an equal Exceſs; fo that the laſt Day's Journey 

f may be Twenty nine Miles; what will each Day's Journey be, 
and how many Miles is the Place he goes to diſtant from London 
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Then, per Theorem 2. find the common Difference of each 


hb — 2 
Oy Js. — . _ 3 I — 
pr "Ee ors or ET Pe nr 
$4 4 1 Wnt * 2 3 „ E = Eid oh n 
EIS — — Linked — N EOS * 
abr e ul 45 a nen | \ 


* 3 
- Pr * a 4 x 
. n 
E * ks . n - 2 
e 
ro n — 
— - N ny . 
= 
= 


Ina 0 


8 il 3% 


a n * = . 
: 2 * * — — - 
by N 5 * pF P's — os 
28 ** 4 uk 2 S. -_ * 1 = 17 5 r = by 
4 p 5 2 — 1 = — 4 A 
DE — wo — EASY — hy - — — _ — - ay r - N 4 0. 4 8 
. ————— n 4 9 — bl — * * — —_ Nato eons * $a 
8 12 - J r 8 8 " oy 7 — £ — — 233 7 
« 3 2 * n — P - a > * 2 
— — — — 3 wy *%J2. Þ 9 2 . 2 = * — — 6 3 — 
— a _ ETAL, IO * „ e — 
— > "II 0 ²⁰¹ mm Or Yo ere ee ½mͤ— * gr ty Ly 4 - Fs — * — » 0 - wad hs 
—— — m_— Y 49 — ew . oy — re > 2g: org Angers; 83 2 * * 7 - - 4 {01 4 — * 222 * = 22 — 
_ 3 ä — 2 
—— 3 = = —— 5 8 > 
- - y — = — * * & > 
* 
K * 


n 
— * 
2 = 2 2 
8 — 

+ op Ws Sa — 
K ˙⅛ ! — _— 
. — 1 — _ 
4 we 


tet 


— — — tp 


— ee i. 


pore ET 
FY 


_— 


_ Ns <a 

Y = 

- — WI. — 
* 


* nnr 


Arithmetick. Part 1. ; 


Firſt 227 The Difference of the Extreams. 
And 10—1=9 The Number of Terms leſs 1. 

| 'Then-9) 27 (3 by: common Difference, 
Conſequently 2+3=5 The ſecond Day's Journey. 


— — * 


And 5 + 328 The third Day's Journey, &c. 

Again 29 z = 31 The Sum of the Extreams. 
10 The Number of Terms. 

2) 310 (155 The Diſtance required. 


There are eighteen Theorems more relating to Queſſions in 
Arithmetical Progreſfs :0n ; but becauſe they would require a great 


many Words to thew the Reaſon of them, I therefore refer the 
Reader to the Second Part, viz. That of Algebra, where he may 


find their Analytical Inveſtigation, 


— * W A „ _— 6 r 9 * —_— E 1 * - I— 


Sekt. 2, e Geometrical „ 3 5 


ſometimes called Geometrical Progreſſion. 


W HEN a Rank or Setzen of e do either increaſe by one 5 


common Multiplicator, or decreaſe by one common Diviſor, 
thoſe Numbers are ſaid to be in Geometrical TORR continued. 


As q 2.4» $. Y 32 Sc. here 2 is the common Multiplier. 
64 . 32. 16. 8 . 4. &c. here 2 is the common Divifor. 
ql 2.6.18 54: 162. Cc. here 3 is the common Multiplier. 
162. 54. 18. 6. 2 here 3 is the common Diviſor. 


Note, The common ;n Multiplier (or Diviſor) i is called the Ratio; ; 


and it ſhews the Habitude or Relation the Numbers have to one 


another, viz. whether they are Double, Triple, Quadruple, Se. 


which Euclid thus defines. 


Ratio (or Rate) is the mutual Habitude or Reſde®? of two Mag- 
nitudes (conſequently two Numbers) of the fame kind. each to other, 
according to Quantity, Euc. 5. Def. 3. 

Proportion (rather Proportionality) i is a gie of Ratio 5. 
Euc. 5. Def. 4. | 

So that there cannot be Jeſs than three Terms to form a 
Proportionality or Similitude of Ratio's ; and if but three Terms, 
the 18 muſt 175 the Place of two, As in theſe 2. 4. 8. 


That is, : 4: 8. (of:: ſee page 5.) 


Here 4 ue middle Term ſupplies the Place of two 8 
to wit, of the ſecond and third; 8 bearing the ſame Reaſon, 
- - Likeneſs, 


4. 


0 
x . 
* * 9 Md * 1 Z , 


25 1 P2oportion. Pe - 
Likeneſs, or Proportion to 45 As 4 doth to 2. vir. k Abi 2: 1s to 
4 :: 80 is * to 8. | | t 

Lemma . 18 9 


If three Numbers are e proportional, the ReQangle or Product 
of the two Extreams, viz. of the firſt and laſt Terms, will be 
equal to the Square of the Mean or middle Term. (20 Eucl. 7.) 

As in theſe 2:4: 4 8. Here 8 * 2=16 the Produtt of . 
the Extreams. 

And 1 * 16 we Square of the Mean, Ergo B x X2 =4X 4+: 2 


Carol. I. 4 


Hence it follows, that if the product of any two . be 
equal to the Square of a third Number; thoſe three Numbers 
will be in Proportion. 2 


Fad 2, 


If four Numbers are oroportionsd, the Product of the two 
Extreams vill be equal to the Product of the two Means 
(19 Euclid 7.) | 

As in theſe, 2: 4::8: 16, Here 16x2= 32. 

And8 x 4= * Conſequently 16 X 22 8x4. 


Corol. 2. 


From hence it follows, that if the Product of any two Numbers 
be equal to the Product of any other twa NM. umbers, thiſe four Num- 
bers are Proportionals. | 

And from theſe two Lemma's it will be eaſy to conceive, that 
if ever ſo many Numbers are in continued Proportion, the Pro- 
duct of the two Extreams will be equal to the Product of any 
two Means, that are equally diſtant from the Extreams. 

As in theſe, 2. 4 8 16 32 64. &c. 
Here 64 x 2 = 32 x 4 16 X 8. &c. And a the Number of 
Terms be odd, | 


Wi As in theſe, 2.4.8. 16 32 . 64 . 128. &c. 
- Then 128 x 2 = 64 4 32x8=16X16, 


„Note, the — made = of to fn if continued Pro- 
= portionels is = 


3 ys : | 7 


Part I. 


in every Series of. = (viz. of continual Proportionals) that 


Number which is compared to another, is called the Antecedent 
of the Ratio; and that Number to which it is compared, is 
called it's Conſequent. | 

As in theſe, 2:4::4:8. Here 2 is the Antecedent, and 4 
is the Confequent ; and 4 the middle Term is an Antecedent to 
L: it's Conſequent : whence it follows, that in every Series of +> 
all the middle Terms between the firſt and laſt are both Ante- 
c6dents and Conſequents. 

As in theſe, 2. 4. 8. 16. 32 64, Ec. Here 4 8. Lt 32. 
are both Somſequents and Antecedents. 

nnn e: 223 64, Sc. ws 

So that all hs Terms except the laſt are Antecedents. And 

all the Terms except the firſt are Conſequents. . 


Lemma 3. 


In a Series of proportional Numbers, it will be: As any one 
of the Antecedents is to it's Conſequent: So will the Sum of all 


the Antecedents be; to the Sum of all the Conſequents. CEN 
Exctid 5. 4 | 


That is, in the foregoing Series, 
— 4224478 ＋ 16 432 4748 + 16 + 32 +64 


For it is evident, that 4 -|- 8 + 16. 32 + 64 the Sum of all 


the Conſequents, is double to 2 + 4 + 8 + 16 -+-22 the Sum 


all the Antecedents; as 4 is to 2, according to the Ratio, and 


would have been Triple, or up, Sc. had the Ratio been 


3 or 4, Cc. 

Note, In every Series of = == the Ratio is found by dividing any 
of the Conſequents by it's Antecedent. | 

As in.thele, 2:06: 6:18:18 84:54: 162. 

Here 2) 6 (3 the Ratio. Or 18 (3 Ge. 


From the 60500 and third Lemma's may be raiſed two general 


Theorems or Rules, for finding the Sum of any Series In =  with- 
out a continued Addition of all the Terms; 


Let the Series 2 . 4.8.16, 32 64 . 128 de binn 


to find it's Sum. 


Suppoſe z = the Sum of all the Terms. 
Then will z — 128 = the Sum of all the Antecedents, 
And z — 2 = the Sum of all the Conſeq ents. 
Bu 2:4::2—128:%2—2 . per Lemma 3. 
Ergr 42 8122224 per Lemma 2. 3 
. OConſequently 


Chap. 6. : "of . JE _— 7 


i. —_ 


Conſequently. 42— 22 512— 4. 


Tbeotein. j — In Words at length thus, | 
From the Produft of the ſecond and laft Terms 


3 ſubtract the Square of the frſi Term, and that Re- 
Theorem 1. mainder being divided by the ſecond Term tefs . Biol, 
will give the Sum of all the Series. | 


Or if the firſt Term, the common Ratio, and the laſt Term 
be only given; Then, 


Multiply the Iaft? Tow 45 the Ratio, and from 


beten a their Product ſubtra# the finſt Term; divide that 


Remainder by the Ratio leſs Unity or x, and i it will 
give the Sum of all the Series. 


"Pub 42 — 22 2 512 — 4. As above. 
Conſequently ns the viz. the laſt divided by 2. 2. 


Then z= —250— =. Theorem 3 | Foe 
| 2 ov gens 1 6: 


EXAMPLE. 


Let 2. 6. 18 54. 162. 486. be the given Series. be 
2 is the firſt Term, 3 is the Ratio, and 486 the laſt I erm. 


But 486 x 3 = 1458. And 1458 — 22 1456. 
Then 3— 1 2 2) 1456 (728 the Sum required. 
That is, 728 2 2 ＋ 6 ＋18＋54＋ 162 + 486. 


Since in either of theſe Theorems it is required to have the 
laſt Term known, (the which in a long Series of == will be ver 
tedious to come at by a continued Multiplication) it wilt therefore” 
be convenient to ſhew how to obtain either the laſt Term or an 
other Term, whoſe Place is aſſigned, without producing all the 
Terms. 

In order to that, it will be neceſſary to premiſe. the Coherence 
or Similitude that is betwixt Numbers in Arithmetical Frogrelſion 
and thoſe in Geometrical Proportion. | 

If to any Series of Numbers in + when the firſt Feim is not 
an Unit or 1, there be aſſigned a Series of Numbers in Arithme- 
tical Progreffion, beginning with an Unit or 1, and whoſe com- 
mon Difference is 1. called Indices or Exponents : 


1 Lo 3:4: .&- $5.0: 7 JR 
— 1 a eee e 16 32 . 64 . 128 Cc. > 


Then 
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Then will the Addition or Subtraction of any two of thoſe 
Indices (or Numbers in Arithmetical Progreſſion) directly cor- 
reſpond with the Product, or — of their * Terms 
in the Series of 4+. 


= Thatis . THE 16 = 128 the ſeventh Term in 4 2 
. (As 6＋4 = 10. ; 
| gain, 15 64 * 16 = 1024. the tenth Term in == 


- As 7— 328 4. Qt As 6— 224 | 
Or, So 128 —8 = 16. ; Or, 80 64 — 4. Stele 


| Bet if the Series of = begin with an Unit, the Indices muſt 
begin with a Cypher. 


1 . YO OO WY Se. 
As in theſe, f 7 2 4. 8 16. 32. 64. 


Now by the belp of the Indices, and a few of the gilt Toms 
In any Series of =>, it is plain that any Term whoſe Place or Di- 

ſtance from the firſt Term is affigned, may be ſpeedily obtained 
T producing the whole Series. 


EXAMPLE If." 


 AMan bought a Horſe, and was to give a Farthing for the firſt 
Nail, two for the ſecond, four for the third, &c. in ==, the 


Number of Nails was to be 7 in every * viz. 28 Nails in all 
What muft he have paid for the Horſe ? 


6 4 3 
ru e 8. 8. 160 32. Farthings in + | 
Then, 32 * 32 = 1024. And ö 1024 * 1024 7808075 


1 20+7=27. 
Again, Tar Laftly, | 1048576 x 128134277728 


Which i is here to be accounted the 28th and laſt Term. Becauſe 
the firſt Term in the Series is 1, which doth neither multiply 
nor divide. 


Now this 134217728 being the Number « F arthings to be 


paid for the laſt Nail, by it, the common Ratio which is 2, and 
the firſt Term which is 1, may be found the Sum of all the 
Series, per Theorem 2. 

1342 


* 


— — 


tl 


” » a 1*-& e 2 


 Thap. 6. - "of Propoxtion, Kc. l wo 


n 
— 
— 


134217728 


5687 1770 From this product fubtraQ I. 


Viz. 26843 5456—1==26843 5455. Then 2—1=1 the Diviſor. 
Conſequently 268435455 is the Sum of all the Series, or Price 
of the Horſe in Farthings, which being brought into ar 


(See page 46) will be 2796207. 55. 3 d. 3grs. 
E 4 MP LE 2. 


Acunning Servant agreed with a Maſter (unſkilled in Numbers) 
| to ſerve him Eleven Years without any other Reward for his 
Service but the Produce of one Wheat Corn for the firſt Year ; 
and that Product to be ſowed the ſecond Year, and fo on from 
Year to Year until the End of the Time, allowing the Increaſe 
to be but in a ten-fold Proportion, 

It is required to find the Sum of the whole Produce, 


)))) e Hide Va. 
Firſt 
10; 200, 20s « ICOCO ,» 100000 Wheat Corns i in ++ 
T hen AS4T2= | 
So 10000 x 3 2 1000000 the 6th Year 8 Produce. 


6+5=1L 
And 
I000000 Xx 100000 = 100000000000 the eleventh or 


laſt Year' s Produce, 


Then (either by Theorem 1. or 12 the Sum of all the gendes 
will be 111111111110 Corns. Now it may be computed from 
Pages 31 and 34, that 7680 Wheat Corns, round and dry out of 
the middle of the Ear, will fill a Statute Pint. If ſo, 


Then 7680) 111111111110 (14467 592 Pints, but 64 Pints 


are contained in a Buſhel. 


Therefore 64) 14467592 (326056 x : Buſhels. Suppoſe i * 
be ſold for 3 Shillings the Buſhel; 

. 
Shillings 7 1 71 12 = 339081. Bo. 65 d. A very good 


Recompence for Eleven Years Service. 


There are ſeveral pretty Queſtions 3 by Numbers in 
Arithmetical Progreſſion; and by thoſe in , which the ingenious 
Learner will eaſily perceive hereafter ; viz. When we come to 
the Solution of Queſtions ang to Intereſt and Annuities, &c. 


There 
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| There is A0 a third Kind of Proportion, ood Muſical, 
which being but of little or no common Uſe, I ſhall therefore 
give but a ſhort Account of it. | 

Muſical Proportion or Habitude is,. when of three Numbers, 
the firſt hath the ſame Proportion to the third, as the Difference 
between the firſt and ſecond hath to the Difference between the 


ſecond and third. 


As in theſe, 6. 8 . 12 viz. 6: 12 :: 8-6: 12—8 

If there are four Numbers in Muſical Proportion; The firſt 
will have the ſame Proportion to the fourth, as the Difference 
between the firſt and ſecond hath to the Difference between the 
third and fourth. 


As in theſe g. 14. 21 84. 
Here 8: 84: : 14— 8 2 6: 84 —21 63. 
That i is, 8: 84: 6: 63. 


The Method of finding out Numbers in Muſical Proportion, 


is beſt expreſſed by Letters; as ſhall be ſhewed | in the Agebraict 


Part. 


* A. F G _ . 4 4 8 hs 8 0 r 


Sect. 3. How to Change or Vary tbe Order of T bingo, &c. 


8 T HIS being a Thing not treated of in any common Books of 


Arithmetick, (that I have had the Opportunity of peruſing) 


made me think it would be acceptable to the young Learner, to 
know how oft it is poſſible to vary or change the Order or Poſition 
of any propoſed Number of Things. 


As how many ſeveral Changes may be rung upon any propoſed 


Number of Bells; or how ma ö Variations may be made 


of any determined Number of 
Poſed to be varied. 

The Method of finding out the Number of Changes is by a continual 
Multiplication of all the Terms in a Series of Arithmetical Progreſ- 
ſions, whaſe firſt Term and common Difference is Unity or 1. And 
the laſt Term the Number of. Things propoſed to be varied, viz. 
IX2X3x4X5Xx0x7, &c. As will 9 888 from what follows, 


etters, or any other Things pro- 


1. If the Things propoſed to be varied are only two, they ad- 
mit of a double Poſition (as to Order of Place) and no more. 


Thus, } 3 L=2=1x2 


2, And if three Things are propoſed to be varied, they nay 


* 


* 
* 


555 
be changed ſix ſeveral Ways * to their Order of Place) and no 
more. 


For, beginning with , there will be | 7 * 


Next, beginning with 2, there will be | : 


Again, beginning with 3, it will be | : 5 


Which in all make 6 or 3 Times : 2, ViZ, I X2 K 32 6. 
Suppoſe four Things are propoſed to be varied; 


T hen they will admit of 24 ſeyeral Changes, as to their Order 
of different Places. 


1 , 3. 4 | 
1.2.43. 
For 1 the Order with , it will be : : 3 : 4 
Here are ſix different Changes. [4x33 
-I . 4. 3. 2 


And for the ſame Reaſon there will be 6 different Changes, 
when 2 begins the Order, and as many when 3 and 4 begins the 
Order; which in all is 24 = 1 x 2 x 3x 4. And by this Method 


of proceeding, it may be made evident, that 5 Things admit of 


120 ſeveral Variations or Changes ; and 6 Things of 720, &c. 
As in | ilk W Table. 


The N — The yy rooms how Th different 8 or Vari T7 
of Things their ſeveral| ations every one of the propo- 
| profoſedto| Variations are fed Numbers can admit * 
be varied. produced. 
1 'I]J=1 | | 1 
2 | 1x 212 2 
55 2x3]=6 
4 Ox4|= 24 
g 24 X 5|= 120 
& 256 120 x06|= 720 
7 720 Xx 7 5040 
| 8 5040 x 86] = 40320 
| 3 40320 * 9 = 362880 
10 [362880 x 10|= 3628800 | 
11 { 23628800 x 11|= 39916800 1 
12 39916800 x 12 479001600 | 
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Theſe may be thus continued on to any aſſigned Number, 
Suppoſe to 24 the Number of Letters in the Alphabet, which: 
will admit of 6204484017 3323943930000 ſeveral Variations. 

From theſe Computations may be ſtarted ſeveral pretty, and 
indeed, very ſtrange, Queſ tions 


* 


EXAMPLES. 


Six Gentlemen, that were travelling, met together by Chance 
at a certain Inn upon the Road, where they were ſo pleaſed with 
their Hoſt, and each other's Company, that in a Frolick they made 
a Contract to ſtay at that Place, ſo long as they, together with their 
Hoſt, could fit every Day in a different Order or Poſition at Din- 
ner.; which by the foregoing Computations will be found near 14, 


| Years. For they being made 7 with their Hoſt, will admit of 


$040 different Poſitions ; but 5040 being divided by 365 (the 
umber of the Days in one Year) will give 13 Years and 297 
Days. A very pretty Frolick indeed. © © © 

I have been told, that before the Fire of London (which hap- 
pened Anno 1666) there were 12 Bells in St Mary Le Bow's Church 
in Cheapſide, London. Suppoſe it were required to tell how many 


ſeveral Changes might have been rung upon thoſe 12 Bells; and 
at a moderate Computation how long all thoſe Changes would 


have been ringing but once over. 


Firſt, 1x2% 3X4 * 5Xbx7X8X9X10X11%12 = 479901600, 
the Number of Changes, e 


Then ſuppoſing there might be rung 10 Changes in one Minute: 
Bs 12 x IQ = 120 Strokes in a Minute, which is 2 Strokes in a 
decond of Time: Now according to that Rate there muſt be 
allowed 47900160 Minutes to ring them once oyer in all their 
different Changes; viz. 10) 479001600 (47900160. 4 
In one Year there is 365 Days, 5 Hours, and 49 Minutes; 
which, being reduced into Minutes, is 525949. 1 


Then 525949) 47900160 (91 Years and 26 Days. 


So Jong would thoſe 12 Bells have been continually ringing 
without any Intermiſſion, before all their different Changes could 
have been truly rung but once over. It is ſtrange, and ſeems al- 
moſt incredible, that a few Things ſhould produce ſuch Varieties. 
But that which ſeems yet more ſtrange and ſurprizing (yea, even 
impoſſible to thoſe who are not verſed in the Poyer of Numbers) 

ba 18 


. 


W oa 


is, that if two Bells more had " | 
would have adyanced the Number of Changes (and conſequently 


as may eaſilj be computed from the precedent Table, 


Compound. 


doth to the fourth. 


| P 3 — er ee nes — —— — 


added to the aforeſaid 1a they 


the Time) beyond common Belief, Far 14 Bells ou require 
(at the ſame Rate of ringing as before) about 16575 Years to ring 
all their different Changes but once over. | 5 

And if it were poſfible to ring 24 Bells in Changes (and at the 
ſame rate of 10 Changes in a Minute, which is 2 Strokes in one 
Second) they would require more than 115000000000000000/ 
Vears to ring them but once over in all their different Changes; 


" 


n 1 
Of b 20poztion n ne called the golden 


P Roportion Digjun®, or the Golden Rule, is either Direct or 
" Reciprocal, called Inverſe. And thoſe are both Simple and 


* 


. 


Des Propartion is, when of four Numbers, the firſt bears 


the ſame Ratio or Proportion to the ſecond ; as the third 


As in theſe: $8:: 6:7 24. * 

Conſequently, the greater the ſecond Term is, in reſpect to the 

firſt; che greater will the fourth Term be, in reſpect to the third. 
That is, as 8 the ſecond Term is 4 Times greater than 2 the 


5 firſt Term: 80 is 24 the fourth Term, 4 Times greater than 6 


the third Term. | | 

Whence it follows, that if four Numbers are in Direct Pro- 
portion, the Product of the two Extreams will always be equal to 
the Product of the two Means, as well in Disjunct as in continued 


Proportion ; according to Lemma 2. page 77. 


For A82:2X4::6:6x 4. OrAs3:3x5::6:6 6. 
But 2 x © X4—=2X4 Xx * Or 3 x 6 x $= 4 * 5 x 6. . 


That is, the Product of the Extreams is equal to that of the 


Means, 


9 5 Again, 


* 


* Err ˙— ro nt > nc ne e 2 r — 


—. 2 


3 * 9 . 
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en gain, { the leſs the ſecond Term is, in reſpeR to the firſt ; the | 


leſs will the fourth Term be in reſpect to the third. 


As in theſe 18:6: : 12:4. 
That is, 189: 18: 3: : 12: 12-3. 


But 18 Xũ 12 ＋ 32 18 ＋ 3* 12. Viz, 18 x 4 6 x 12. 
_ Conſequently 2. 8 . 6, 24. And 18. 6. 12 ** 


true Propartionals, per Corol, 2. page 77, 


From theſe Conſiderations, comes the Invention of finding a a 


fourth Number in Proportion to any three given Numbers. 
| Whence it is called the Rule of Three, 


For if the ſecond Number multiplied into the third, = NE | 
to the firſt multiplied into the fourth, it is eaſy to conceive, that 


if the Product of the ſecond and third be divided by the firſt, the 


| Quotient myſt needs be the fourth Number. For if that Number, 


which divides another, be multiplied into the Quotient produced 
by that Diviſion ; their Product will ” equal to the Number di- 
vided. See page 21. 


As in theſe 2:8::6: 24. Wr =48=24x2: 


Butif 24 x 2'= 48, then will 48 = 2 = 24. Or 48 24 =2, 


Note, Any four Numbers in direct HATE may be varied 
ſeveral Ways. As in theſe. 


Viz. If 2: 8 :: 6: 24. Then 2: 6::8: 24. 
 And6:24::2: A Or 24 : 5.::8:.2, 0s 


* Theſe Pariations being well underſtood, will be of no ſmall Uſe in 
the ftating of any- Queſtion in this Rule of Three, 


When three Numbers are given, and it is required to find a 
fourth Proportional; the greateſt Difficulty (if there be any) will 


be in the right ſtating the Queſtion, or abſtracting the Numbers 


out of the Words in the Queſtion, and placing t them down i in their 
proper Order. 


Now this will be very eaſy, if it be truly conſidered, that al- 


ways two of the three given Terms, are only ſuppoſed, and 


aſſign or limit the Ratio or Proportion. The third moves the 
Queſtion ; and the fourth gives the Anſwer. 


As for inſtance ; if 3 Yards of Cloth coſt g Shillings : What 


will 6 Vards coſt at the ſame Rate or Proportion? 


Here 3 Yards, and 9 Shillings, are two ſuppoſed Numbers 
that imp 0 the Rate; as appears by the Word [if] viz. if ; 


Yards coſt 9g Shillings (then comes the Queſtion) Wha will 
Yards coſt ? 


N. B. 


15 


eee 


N. B. The Term, which moves the Queſtion, hath generally 
ſome of thoſe Words before it; viz. What will? How many? 
How long? How far ? or How much? &. 

Then (carefully obſerve this; viz.) the firſt Term in the 
Suppoſition muſt always be of the ſame Kind and Denomination 
with that Term which moves the Queſtion. And the Term 
ſought will always be of the ſame Kind and Denomination with 
me ſecond Term in the Suppoſition. e 


© yds ſbil. yas ſbil. 3 
FE * 13 55 Opn . 
All Queſtions in direct Proportion may be anſwered by three 
ſeveral Theorems, 


Multiply their fecond and third Terms together, and 
Theorem 1. Y divide their Product by the firſt Term; the Quo- 
tient will be the Anſwer required, 


Thus3:9::6: 18. The Anſwer. 


P : 


| 1 becauſe the ſecond Term 
3) 54 (18 Shillings, 1 was Shillings. * 

3 ¶ Divide the ſecond Term ly the firſt, then multiph the 

Theorem 2. Quotient: into the third Term, and their Product 

Tu 5 twill be the Anſwer required. 

yds, fhil. yas. fhil. 


4-19: 3 04-38. 
Thus 3) 9 (=3. Then 3x 6 = 18, as before. 4 
Divide the third Term by the firſt, then multiply the 


Theorem 3. ö D notient into the ſecond Term, and their Product 
i will be the Anfwer, e 


ds. fhil. yas. bil. 
1 3 
Thus 3) 6 (22. And q x 2==18, as before. 


Here you ſee that all the three Theorems are equally true; but 
the firſt is moſt general, and uſually practiſed. Vet the two laſt 
may be readily performed, when either the ſecond or third Term 
can be divided by the firſt; and will be found of ſingular Uſe in 
the Rules of Fellotuſbip, &c. as will appear further own. 

5 Qreft. 
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city weſt. 2. If 8 Pounds of Tobaceo coſt 14 Shillngs ; what will 
Halt a hundred Weight (viz. 56 Pounds) coſt at the ſame Rate ?: 


"Thus 8 Ib.: 145. : 2 ut al. 185. The Anſwer. 


F and 


ä 
— 


— 


is 
Or thus 8) 56 Fs Then 14 x 7 = 985. as before. 


Deſt. 3. If 14 Shillings will buy 8 Pounds of Tobaces 3 ; how 
much ny 4l. 18 5. buy after the ſame K 


Stated thus, 14 : $1b : : 4. 185. = 98. 
Then 98 XK 8 = 784. And 14) 784 (56 Ib. 7 The Aube 


Queſt. 4. Tf half a hundred Weight of Tobacco be worth 40. 
185. How much may I buy for 14 Shillings at that Rate! ? 


Stated thus, 47. 18s. =98s. : 56 lb: : 14.:— 
Then 56 x 14 = 784. And 98) 784 (8 Ib. "The Anſwer. 


Fr _ ref. 5. Suppoſe 41. 18 5. will buy 56 Pounds of Tobacco; 
what will 8 Pounds of the ſame Tobacco coſt? 
This Queſtion is thus ſtated, 56 Ib: 4 J. 18s. 298 6. 8 b 
Then 98 x 8 = 784. And 56) 784 (= 149. The Anſwer, 


Note, The three laſt Queſtions are only the ſecond varied „being 
„ purely to give an Inſtance how any N in this Rule 
of Three may be varied, according to page 86. 


Queſt. 6. What will three quarters of a Yard of 2 coſt, 
when the Price of 21 Yards and a half is worth a 10 5. 6 d, 
This Queſtion truly ſtated will ſtand 


Thus, 21 44s, : 22 J. 10s. 6d.:;43 To Ol PIR 
Which may be found three ſeveral Ways; Dix. by Reduction; 
by Vulgar Fractions; and by Decimals, 


1. By Reduction. Bring the firſt and third Tirms into one 
Denomination ; v:z. into Quarters, and reduce the ſecond Term 
into it's leaſt Denomination, per Sect. 4. page 42. 


Ius 21 72 86 Quarters. And 22/1. 10s. 64. = 5406 Pence. 
Then 86 : 5406 : : 35 159. 852. For 5406 x x 3 = 16218, 


And 


«a A q7 


B&B oO 


W 


Chap. 7. Of Pyopottion, & 89 


And 80) 16218 ( 188 52d. Then 188 52 Pence = 15 g. 
8 d. 2 44 Farthings ; the Anſwer required. 


3; The ſame Queſtion ſtated in Yulgar Fradtions will ſtand 
Thus 21 1 2 : 22 2 = e :: 4: (See Sed. 3. page 50.) 


Then oor x 4 2 2703 And 8 2703 (= $406 page 55, 56. 


16857 


Theſe. 5406 Parts of a Pound are re brought into Shill:ngs by 


multiplying th the Numerator with 20, and dividing the Product | 
1 it's Denominator, Sc. 


Thus 5406 x 20 = 108120. And 6880) 108 120 15 55. 


And there remains 4920. Again 4920 X 12 = 59040. 
Then 6880) 59040 (8 d. and 42, as before. 


3. The ſame wrought by Decimal Fratrions will be thus; 3 
21 7 2 21,56: 224. 105. 64. 2 22,525, and} = %s 
Therefore 21,5 : 22,525 : : 0,75 : to the Anſwer. 
Then 22,525 x 0,75 = 16, 89375 


And 21,5) 16, 89375 (0,7857 J. = 155. 84. 2 far. 2; LEAP 


Rueſt. 7. If 2 C. 3qrs. {21 lb. of Sugar coſt 6/. 15, "8: 


What will 12 C. 2 grs. coſt at the ſame Rate? 
That i is, 2 C. 397% 21 lb: 60. 15. 8 d.: ::12C, 2275. To what? 
| 4 20 . 


— 


11 978. 221% „ 

Vn — 1 28 | 
88 250 1400 lb. 
22 | 121 OO 


— — 


Vr. 308+21= 320 lb: 1460 d.: : 1400 lb: 


Then 1460 X 1400= 2044000. And 329) 2044000 (6212.3 FI 


= 25 J. 175. 834. the Anſwer required. 


The ſame cs ſlated in Decimals will ſtand 
Thus 2,9375 : 6,0833 :: 12,5: To the Anſwer. 


Then 6,0833 x 12,5 = 76, 4 125, which being divided by 


2,9375 Will give 25,8863, &c. the Anſwer in Decimals, which 
brought i into Coin, will be 25 J. 175. 8 4 d. as before. 


Note, When the firſt Term is an Unit or 1, the Queſtion rs 


anſwered by Multiplication only. 


Example, Suppoſe I p25 5 Shullings 4 Pence for one Ounce of 
Silver, What muſt I for 32 4 Ounces at the ſame Rate? 
That is, 1 185 nce: 5s. 44, :: 32 . Ounces; T 9, Se. 

Which is beſt ſtated thus 1: on d.: : 3? 29 * 


Then 


- _ 
— 
* 2 
: = » 
o > SG 
\ ey, 
2 
2 
* 


c 


. 


. 
— nh << 2 * 2 


a 
9 
bd 
or 
a. 
ud 
N 
” TT 
[ N 
\ h 
: 1 
: 8 
+8 
4 q 
| 0 
£ 1 * 
= 
0 
1 * 
11 
1 
2 
* 
F 4 
LA 
3.6 
Trick 
f = 
D 
15 
2 4 
13 
1 £I 
0 = 
7 
1 
15 2 
1 
©; "3% 
0 
7 
oF? l 
N 
4 * fl 
"AY 
Al Wh 
In 11 
71 765 
L 1] 
734 + 
1,688 
1 
„ 
* 25 E. 
WS... 
Fe. "v8 
= 
77 
4 5 
1 
, a 5 
79 
114 
+ 7: 
ES 
* 
il} 
4 þ 
_ 
i 
ICE 
448 
' 91 + 
$4 
BY 
1 
q Ee, 
* 0 
$4 
J 4 * 
\ * 
| » 1 * 
: 4 IT: - 
+, BTW 
1 19 
1 gt {$3 
N 1 
PTY by * 
944 
4 1 5 
* 4) oy 4 
"2 3 
e 
34 . 1. 
1 
1 
'$ 1 
1 ö 
1 
WY 
; 12 
1 + 
144 
2 a . Ll * 
2 Wo 
* 
e 
: . 
14287 Bf 
ET 
4 bt 
i 
©» ry 
{1 
1:1} 
+ 57 
17 
1 8 
Ly 1 
05 +4 
1 4 8 
i oY 
"TM + ns 
> 7 
19 i 8 
EIFS 
32 
NV ; - bh 
: * 
1 +» tg 
\ 2 
„ 
WH 
$1 i St 
+ x L814 
4118; 
3+ 
al Belt 
„ 
1 
: ©. 
N 4 ty 
ſ 3 
a! - © $2 k 
4 4 ” 
05 ; . . 
75 LIW © 
5 * 3&4 
i 14 ©. irs 
15 1 
, 7 IB 
q 8 
7279 * 
T7 * 
MK 1 35 
1 _ 
1 . 
1 * 3 
- 3 
C7 > 
"+: +287, WE 
17 11 
* 1 
7 . a 7 
1 
1 
ES ll 
. 1: 
44: a 
in 
i o a 
. 1 
1 LS 2 bY 
: «Tr - 
':243 
5 37 - 
. * 1 1 
a TY 
q 4 
5 4 
Tt68:7 1 
e 
18 
3:41 14 
1% „ 
34 7 
I . 
11 4 
e 
bet 1 
: X 
N ab 
#87 2! 
„ "a 1 
1 12 
Yi {el 
5 . 1 
5 
8 "8 
+ * 
„ 1 
8 
\ * is 
1 
6. 1 4 
1 
+ BY % 
3 7 a 
CT 7 
4 2 
IK * / 
Y 1 
' Wl 
+3: 88 
THE 
$1 "= 
1 
Þ — 
. 
a 
1 
11 © 
{0 q 
» * 
1 | 
. a 
$1 + 
M 131 2 
1 B 
11. 4 
e 
1 
ie 
. 1 
1 
6] 6 
21766 
9 + 
| N . 
* ry 
. N 8 
4 
N 


OT INE NY 


90 eee. Parl. 
Then 32,564 20804 281. 135. 4d. the Anſwer required, 
For 1 neither multiplies nor divides. 

When the ſecond or third Term is an Unit or 1, then the 
Va d is anſwered by Diviſion 7G As in this Example. 


f a Silver Tankard weighing 21 Ounces, coſt * 195. What 
is that an Ounce? 


Thus 21 oz. : 51. 195. = 1195. 23 15.84. the Anſwer, 
That is 21) 119 (= 55. 21 2 55. 84. 


a The Proof of all Queſtions in the Rule of Three Direa, may 


eaſily conceived from what hath been already ſaid ; viz. 


__ the Product of the firſt and fourth Terms, muſt always be 
equal to the Product of the ſecond and third Terms. 

Or otherwiſe, by varying the Queſtion, as in the ſecond, 
third, fourth, and Nen Queſtions. 

I ſhall conclude this SeQion with inſerting a few Queſtions 
and their Anſwers ; leaving their Work for the Learner's Practice. 


Que. 1. What will the Carriage of 17 C. 3 fre. 11 w. come 


io, at the Rate of 7: . the — 


weſt. 2. 1 61. 45. 1144, be paid for the Carriage of 17 C. 
325. 11 b; What was paid for the Carriage of 1 1b? - 
Anſwer, 3 Farthings. 


veſt. 3. A Grecer bought 3 C. 1 gr. 14 lb. Weight of Cloves, - 


at the Rate of 25. 4 d. per Pound, and fold them for 52 J. 145. 
Whether did he * or loſe by the Bargain, and how much ? 
Anſwer, he gained 8. 125, 


Queſt. 4. A Draper bought of a Merchant eight Packs of 
3 in it; and each Parcel con- 


Cloth; * Pack had four 
tained ten Pieces ; every Piece was twenty-ſix Yards ; he gave 
after the Rate of four Pounds ſixteen Shillings for 6 Yards. 


What came the eight Packs to, and what were they worth per 


Tard? 


Anfw. They came to 66561. And were worth 163. fer Yr, ard. 
Quel. 5. A Merchant bought 436 Yards of Broad Cloth for 


8 s. bd. per Tard; and ſold it again for 10s. 4 d. per Yard. 
What did he gain by the —.— Yards ? 
— Anſw, he gained 391 195. 44. 


Nucl. 


Anſwer, 61. 45. 11 if, 


Chap. 7. Of Popotion; ET 91 


Queſi. 6. A Goldſmith bought a Wedge of Gold, v hich weighed 

14 Ib. 3 oz. 8 pw. for 5141. 45s. What did he pay per Ounce? 
Anſw. 37. per Ounce. 

Duet. 7. What will 48 oz, 17 pw. 20 Grains of Silver Plate 


come to, at the Rate of 5s. 6d. per Ounce ? 
Anſw. 13/7. 15. 102d. 


Oueſt. 8. If in four Weeks one ſpend 135. 4d. How long 
will 53/7. 6s. laſt at that Rate? 

Anſw. 6 Years, 47 Days, 2 Hours, 24. 

Quęſt. 9. What will the one eighth Part of a Ship be worth, 


when the hate is valued at 10157. 105. 
Anſw. 2530. 175. 64. 


veſt. 10. The Sun is ſaid to perform one entire Revolution 


(or 360 Degrees) in the Space of 365 Days, 5 Hours, 48 Minutes, 
and 57 Seconds of Time, called a Tropical or Solar Year ; ; How 


much doth it move in one Day ? 
Anſw. 59.8 . 19 Cc. 


Quel. IT. If 5 of a Yard of Velvet coſt 2 7 of a Pound Sterling, 


What will -; of 3 a Yard coſt of the ſame Velvet at that Rate? 
Anſw. = 15. 44. 


Oueſt. 12. Suppoſe 21. and 4 : of 4 of a Pound Sterlin ng Wi 
buy 3 Yards and 3 of 4 of a Yard of chu, How much will 2 


2 Yard colt at that Rate? | 
Au. 344 of a Pound = ys 454. 


— —— — ——— 


— 


The Rule of Three Inverſe. 


| FRciprocal Predartien is, when of four Numbers the third ( viz. 
that which moves the Queſtion) beareth the ſame Ratio to 


the firſt: As the ſecond does to the fourth. 


Therefore, the leſs the third Term is, in reſpect to the firſt; 


the greater will the fourth Term be, in reſpect to the ſecond. 
EXAMPLE 1. 5 
Ik ſixteen Men can do a Piece of Work in fix vers; How 


many Days will eight Men require to do the ſame ' 


the ſame Rate of working? 
Here it is plain that eight Men muſt needs have more Time 


than 16 Mea to do the ame Work. Conſequently the greater 


N 2 the 


Sect. 2. of Recippocal 2 x0poztion; HTO called 


ork, at 


! 41 
0 |: $3 el 
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the a Term is, in reſpect to the firſt, the leſs will the fourth 
Term be, in reſpect to the ſecond, _. 

Example 2. If 8 Men can do a Piece of Work in 12 Days, 
How many Days will 16 Men require to do the ſame Work ? 
Here it is plain the fourth Term muſt be leſs than the ſecond, 
becauſe 16 Men l can do the ſame Work i in leſs Time 
than 8 Men can. 

From theſe Conſi Hderations, METS with thoſe in page 8 N 
will be eaſy to perceive, whether the Terms of any propoſed Dueſtion 
are in DrreF er Reciprocal Proportion. = 
For when, according to the true Meaning and De ion A any 
Dueftion in Proportion, More requires More, or Leſs requires Leſs, 
the Terms are in Direct Proportion; as in this laſt Section. 

But if More requires Leſs, or Lefs requires More (as above ) then 
PE Terms will be in Reciprocal Proportion. 

The Manner of placing down the propoſed Terms is the ſame 
in both Rules, viz. The el Term in the Suppoſition muſt be of 
the ſame Kind and Denomination with the third Term which 
moves the Queſtion; and the Term ſought muſt be of the ſame 
Kind and Denomination with the ſecond Term i in the Suppoſition. 

As in the t two laſt Examples. 


"Mew , . > Men Dan 

5 Example 1. "> 6-:: 8 :— 
| Thus, in Kant 2. ü 12 16 — 
""T he Queſtion 3 truly ſtated, obſerve this Theorem. 
9 ultiply the firſt” and ſecond Terms together, and 
Theorem. 14 6 the Product by the third Term, the Rootient 
„ will be the Anſwer required, © 

Thus in the ſecond Example 12 x 8 = 96. 
Then 16) 96 (= 6 Days, the Anſwer required. 


That is, 16 Men may do the ſame Work in 6 Days as 8 Men 


can do in 12 Days. 


Now the Reaſon of this Optration (and conſequently of the 
Theorem) is grounded upon this Conſideration; viz. If 8 Men 
require 12 Days to do the Work, it is plain that one Man would 


require 8 Times 12 Days=96 Days to do the ſame Work; but 


if one Vian can do it in 9b Days, moſt certainly 16 Men can doit 


in one 16th Part of that Time. Therefore 95 divided by 16 will 
give the Anſwer required, viz. 16) 96. (6 as before, &c, 
Queſt. 3. Suppoſe 800 Soldiers were befieged in a Town, and 


their Victuals were computed to ſerve them two Months (or 56 


Days) How many of thoſe Soldiers muſt depart the Garriſon, that 
tac ſame Victuals may ſerye the remaining Soldiers 5 Months ? 


The 


. 


Chap. 7. Of Pꝛopoztion, &. _ 93 
The Queſtion truly ſtated will ſtann n | 
Months. Soldiers. Months. Soldiers. 
Thus, 2: 800 :: 5 — 

eee 


5) 1600 (320 : So many Soldiers may ſtay in the 
| VVV . 95 
Conſequently, 800-3202480 Soldiers that muſt go out of 

the Garriſon, which is the Anſwer required. 


Question 4. A borrowed of his Friend B 2501. for fix Months, 
promiſing to do him the like Kindneſs upon Demand : Some 
Time after B defires A to lend him 4007. the Queſtion is, how 
long B muſt keep the 4001. to be fully ſatisfied for his former 
Kindneſs to A. SF 55 5 


Thus, 230 J. : 6 Months : : 4001. — 


400) 1500 (3 Months. 
I. 
Be OY : a ; 
28 Days in one Month. e 
7 4) 84 (21 Days. Anſw. 3 Months, 21 Days. 
Dueftion 5, If a Penny White Loaf ought to weigh eight 
Ounces Troy Height, when Wheat is ſold for ſix Shillings ſix 


Pence the Buſhel, what muſt it weigh when Wheat is fold for 
four Shillings the Buſhel ? SE 


Thus 6s. 6 d. = 784. : 8 oz. :: 45. = 48d. : to the Anſwer. 
N 3 e 


n 


_ 


48) 624 (13 o. the Anſwer required. 
. EE 

144 : 

144 [ 


_ 


5 ba V 1 
The Proof of (c Inverſe Rule is eaſily deduced from it's 
Operations ; viz. The Product of the firſt and ſecond Terms, 
muſt be equal to the Product of the third and fourth Terms. 
Note, Any Queſtion that falls under this Inverſe Rule or Re- 
ciprocal Proportion, may be fo ſtated as to have it's Terms in 
Direct proportion; by only changing the Places of the firſt and 
third Terms in the Queſtion. Thus, g 
Quxſtion 


— — * 


ry — netick, * ry 
Dueſtion 6. If a Field will. feed 5 Horſes for ſeven 


Weeks: how long will it feed forty-two Horſes at the ſame Rate 
of feeding? 


Firſt, 18 Horſes : 7 Weeks: 42 Horſes: 3 Weeks. 
Here the Terms are ſtated inverſely, as before. 
Otherwiſe thus, 42 Horſes : 7 Weeks : : 18 Horſes : ; Weeks, 


Then 18 x 7 = 126. And 126 +42 = =3 Weeks, The Anſwer 


required. 


— — 


80d. +; "of & Compound 1220poztion ; ; FR WOE called 


The Double Rule of Three. 


py Corners Proportion (as it is here meant) is, when there are 


five Numbers given to find out a ſixth Proportional ; and this 


is generally performed by a Double Poſition ; that is, by Dies 


and working the Queſtion at two Operations, either in Dir 
or Reciprocal Proportion, according as the Queſtion requires. 


And therefore it 1 is called, The Double Golden Rule, or Double 
Rule of Three. 


The Double Rule Direct is, when the ſixth — 9 or Number 
2 is found by two Operations, both of them in Direct 


rtion. 
== ple 1. If a hundred Pounds gain ſix Pounds lntereſt i in 


twelve Months ; how much will three hundred Pounds gain in 
nine Months, at the ſame Rate ? 


Firſt 1001. 6. : 3001. : 181, 
„ | 


100) 1800 (18/. | The Intereſt of 300 J. 
| Z _t for twelve Months. 
Months. Months. EY 
Then, 12: 18/.::9: 130. 105. 


9 
77 102 7737 106. The n 


1 ſuppoſe the Learner will E conceive the Reaſon of theſe 
two Operations. For, firſt, it is plain by Direct Proportion, that 
if 1007. gain, 61. in twelve Months, 3007, will gain 18 J. inthe 


ſame Time, and at the fame Rate, 
3. And 


And by the ſame Rule it is plain, that if 12 Months will pro- 
duce or give 18 J. Intereſt for 300 J. then 9 Months muſt needs 
give 13 4 for the ſame Sum, vz. 300 l. 


The Double Rule of Three Inverſe is, when the fixth Term 
or Number ſought is found at two Operations (as before.) But 
one of them requires an Anſwer in Reciprocal Proportion. 


' Queftion 2. If 6 Buſhels of Oats will ſerve 4 Horſes 8 Days, 
How many Days will 21 Buſhels ſerve 16 Horfes, at the ſame 
Rate of feeding? _ 5 

This Quęſtion being parted into two Poſitions, the firſt will 
be thus: 5 e : 

If 6 Buſhels of Oats will ſerve 4 Horſes 8 Days, How many 
Days will 21 Buſhels ſerve them ? + a 

Here it is plain, that 21 Buſhels will ſerve them longer than 6 
Buſhels; therefore the firſt Poſition falls in Direct Proportion. 


Buſßb. Days. Buſh. Days. 
„„ 7 + "08 


9 5 6) 168 (28 Days N 
That is, if 6 Buſbels will ſerve 4 Horſes 8 Days, 21 Buſbeli 
will ſerve them 28 Days. 5 


The next Poſition muſt be to find how long the ſaid 21 Buſhels 
will ſerve 16 Horſes at the ſame Rate of feeding: it is plain, 
that 21 Buſhels cannot ſerve 16 Horſes ſo many Days as they will 
ſerve 4 Horſes; therefore this ſecond Poſition falls in Reciprocal 
Proportion. | : ; 


. Horſes, Days. Horſes. Days. I 
Thus, 4: 28 :: 16 : 7 the Anſwer required. 


After the like Manner any Queſtion in the Double Rule of 
Three may be anſwered by two ſingle Poſitions, if Care be taken 
in ſtating them right, viz. Whether their Operation mult be 
performed by the ſingle Rule Direct, or Inverſe. M 

But all Queſtions in this Double Rule, where five Numbers are 
propoſed to find a ſixth, may more eaſily and readily be anſwered 
by one general Theorem; which compriſeth both the Direct and 
Inverſe Rules ; without conſidering.either of them being deduced 
from the ſingle Operations befare-going. . 

hut firſt you muſt carefully note, that in all Queſtions of this 
Nature, three of the five propoſed Terms are always conditional 
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and ſu poſed; and that the other twe move the Queſtion. As 
for Infancy in in Example 1. 

Viz. If 1001. will; gain 67. in 12 Months: theſe three Terms 
are only ſuppoſed or conditional. Then comes the Queſtion; 
What will 300/7. gain in 9g Months? Now, in order to raiſe the 
| 3 Theorem, let us ſuppoſe, inſtead of Numbers, theſe 


ers. 
S 100. The P. incipal.) ( In the Suppoſition 
Viz. Led T = 12, The Time. of any propoſed 
G= 6, The Gain. ueſtion, 
" þ 300. The Principal. The three Terms 
ö t= 9. The Time. (3 wherein the Que- 
g my 3,5 The Gain. ſtion lies. 
5. G. 5 . The Productof the two Means divided 
SOTO F u by the firſt Extream. 


Which i is the 
fi That i is, 100: >. : 300: : == 815.80 Part of the 


Queſtion. 
8 Gp. : 7 Which is the 
_ 7. 5 go | | ſecond Part of 
„ 8 9 2 13, the Queſtion. 
Ergo - g= WEL H | That! is, the Product of the Extreams is 
4 P IU equal to that of the Means. 


Conſequently, T g P G pt ĩs the Theorem, 


This Theorem affords two Rules, by which all Queſtions in 
; this Double Rule of Three, or rather of five Numbers, may be 
reſolved ; due Regard being had to the true placing down of the 
propoſed Terms, which muſt be thus: cab 
Always place the three conditional Terms in this Order ; ; let 
that Number which is the principal Cauſe of Gain, Loſs, or 
Action, &c. (viz. P.) be put in the firſt Place; that Number 
which denotes the Space of Time, or Diſtance of Place, c. 
(viz. T.) be put in the ſecond Place; and that Number which 
z the Gain, Loſs, or Action, &c. (viz. G.) be put in the third 
Place. Now according to theſe Directions, the conditional Terms 
of the laſt Queſtion will ſtand thus; P. T. G. 
That done, place the other two Terms which move the Que- 
ſtion, underneath thoſe of the ſame Name, 


. 
p. f. 


Thus, 


Mt. 8 8 »—— —— — as * * 


Chap. 7 | "of Poportion, Se. Pe 


| Then if the Blank or Term fought, fall under the third Place, 
as in this Queſtion, 


It will be | 73 : =7x Which pives this Rule, 


and the two firſt together for a Diviſor z the Quotient 


TY by | Multiply the three laſt Terms together for a Dividend; 
ule I. 
ariſing from them will be the fot Term. 


That is, in our propoſed Kranz I. 


Thus 6 x 300 x 9 = 16200 the Dividend. 
5 And 100 x 12 = 1200 the Diviſor. 
Then 1200) 16200 (135 the Anſwer, as before. | 


$ But if the Blank or Term 3 fall under the fiſt Place, 
then 


It will be | LEY 


Or if the Blank fall dar the ſecond Place, 


Tt will be l = . CN" of theſe gives this Rule. 


2 4 1 Multiply the firſt, ſecond, and laſt Terms together for a 
ule 2. 


Dividend, and the other two together for a Drviſar ; the 
Duotient ariſ ing from them will be the fixth Term. 


And becauſe our Example 2. falls under the Conſideration both 
of Direct and-Reciprocal Proportion, let it be here pr N. again. 

Viz. If 6 Buſhels of Oats will ſerve 4 Horſes 8 Days; how 
many Days will 21 Buſhels ſerve 16 Horſes, Sec. 

If the Terms of this Queſtion be placed down | as before 
directed, they will ſtand 

Horſes, Days. Buſhels. 
Thus 5 Terms i in the Suppoſition. 
1016 Sx: 

Here the Blank fall; under the ſecond Place, therefore it muſk 

be found by the ſecond Rule, 


Thus 4 x $ x21 = 672 the Dividend. 
And 16 x 6 = 96 the Diviſor. 
Then 96) 872 (7 the Anſwer, as before, 


Sg CCM 


* 


47 


coſt 3 
25 lb 


3 
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Dueft. 5 What Principal « or Stock will gain way? in 8 Months 
nt. per Annum? | 


Prin. Time, Gain. 
100. 12 . 6 Terms i in the Suppoſition. 
8 „ 0 


In this Queſtion the Blank falls under the firſt Place, therefore 
it muſt be found by the ſecond Rule. 


Thus 100 X 12 * 20 = 2400 the Dividend. 
And 8 * 6 = 48 the Diviſor. 


Then 48) 24000 (500 l. the Anſwer required. 
The Proof of al Queſtions i in this Double Rule of five Num- 


bers, is beſt performed by varying the Queſtion ;. viz. by ſtating 


it in another Order, as in the laſt Example: Thus, 
If 100/. gain 67, in 12 Months, what will 500 l. gain in 8 


Months ? 


The Anſwer to this Queſtion muſt be 20 l. if the Work of the 


laſt Example be true. 


5 Prin. Time. Gain. 
Stated thus | 9 WE” 12 © : then, a Rule 1 I, 
3oo x 8x 6 $5, And 100 X 12 = 1200. 
| Then 1200) 24000 (20/. the Anſwer, &c. 


Oueft. 4. If two Men can do 12 Rods of Ditching i in 6 Days, 
How many Rods may be one by 8 Men | in 24 Days, at the fame 
Rate of working ? 

Anſw. 192 Rods. 


Que. 8. If the Carriage of 5.C. 3 grs. Weight, 150 Miles, 


$214 4 4d. What muſt be paid for the Carriage of 7 C. 2 9s. 
gots 64 Miles, at the ſame Rate? 


Anſw. I I. 18s. 7 4 d. 
Ne 6. If 8 Men deſerve 2 1. Wages for 5 Days Work, How 
much wil 32 Men deſerve for 24 Days, at the ſame Rate! ? 
Anſw. 38 J. 8 5. 


Oel. 7 , Suppoſe a RRP Re) Pounds would defray the Ex- 
pences of * Men for Twenty-two Weeks and fix Days, How 


long would twelve Men be in ſpending of one Hundred and Fifty 
Pounds, at the ſame Rate:! ? 


Anſ. 14 Weeks and 2 Days. 
CHAP. 


Chap. 3. Vule of Fellowſhip, 9 


CHAP. VIII. 


Of Trading in Company, uſually called the Rule of F ellom⸗ 
chip; alſo Bartering, and Exchanging of Coins, &c. 


FT HE Rule of Fellowfhip is that by which the Accompts of ſeveral 

Partners trading in a Company, are ſo adjuſted or made up, 
that every Partner may have his juſt Part of the Gain, or ſuſtain 
his juſt Part of the Loſs ; according to the Proportion or Share of 
Money he hath in the Joint-Stock : Now this falls under two' 
— called the Single and Double Rules of Fellowſhip. 


Sect. 1. 4 The Single Rule of Fellowſhip viz. That 


without Time. 


BY the Single Rule of Fellowſhip i is adjuſted the Accompts of 

thoſe Partners that put all their ſeveral and perhaps different 
Sums of Money, into a common Stock at one and the fame Time; 
and therefore it is uſually called the Rule of Fellowſhip without 
Time: Now all Queſtions of this Nature are anſwered by ſo 
many ſeveral Operations in the Rule of Three Direct, as there are 
Partners in the Stock. 

For, as the Total Sum of Maney i in the Stock is in Proportion to 
the whole Gain, or Loſs : fo is every Man's particular Part of that 
Stack ; to his particular Share of that Gain, or Loſs. 
| veſt. I. Three Partners, ſuppoſe 4, B, and C, make a Joint- 
Stock of 96 J. in this manner. 

A puts in 247. B puts in 327. and C puts in 407, wü 
this 967. they trade and gain 124, It is required to find each 
Man s true Part of that Gain. 
The Operation will ſtand, thus 

241. : 3l. = A's 5 
96 1. 25: 755 * 175 of the Gain. 
| = 40h. : 5h = Cs 8 

Proof 31. +41. +51]. = 121. the whole Gain. | 
Dat is, if the Sum of 5 » Man's particular Gain, amount to 
the whole Gain, the Wark is true; * * ſome Error is committed, 
zhich muſt be found out. 

Note, Theſe Operations will be "or. much abbreviated, if you 
work them by Theorem 2. page 87. For here 96 is a common 


Antecedent, and 12 is the common Conſequent in all the three 
Proportions, © 


0 2 Tpnhere- 


— 


Axithmetick. Part J. 
Tberefore 96: 12: : 1 0,125 a common Multiplicator. 
TNF 7 3271) . 

32 x, 125 8 5 4. f for 3, fa before. ET 

40 C51, 4 NY C, | 


. 
. "_ 


„ e 


Now this Method is more readily performed than the other, it; 
eſpecially when the Partners are many; becauſe one Single Di- | 
_ viſion ſerves for all the Work. ; e = 
Que 2. Three Merchants, 4, B, and C, freight a Ship with, 
248 Tun of Wine: Thus, 4 loaded 98 Tun, B,86 Tun, and 
C 64 Tun. By Extremity of Weather the Seamen were forced 
to caſt or throw 93 Tun of it over-board. How much of this 
Loſs muſt each Merchant ſuſtain ? 8 


Firſt 248: 93 :: 1: 0,375 the common Multiplier, 


Then 98 (36, 75 for 4 
| „ $6 ee 32,25 for B's C Loſs. 
[1 OO 24,00 for C's 


Proof 93, oo = the whole Loſs. 


Now if the Queſtion were ta find how much of the remaining 
Wine that was ſaved, belongs to 4, to B, and to C. 
Then 98 — 36,75 = 61,25 =” 


86 — 32,25 = 53,75 (belongs toy B. EM 
64 — 24,00 =, 40,009 (. Log» Jar of 


That is, A ought to hive 61 Tun and 63 Gallons. . B ought. 2985 
tobave 85 Tas 189 Gallop, And © ought bete Ku | 


of what was left, 18 


1 Duet. 3- Suppoſe ſix Men, A, B, C, D, E, and 55 make 
a Joint- Stock of 2558 4. | e 


1 js . 5. QNecmaks, . „ la 
Thus 4 | . 10 = 654,50 0 

Bl 15 = 543475 , - 

. > puts in 80 . 00 = 480,00. | V 


10= 254950 = 
| + 0$ = 305325 

F 60 . oo — 260.90 : 

The whole Stock 2558 , 00=2558,00 according to the If A 


Chap. 8. 101 
With this Stock of 25581. they trade eighteen. Months, and 
gain 831 J. 7.5. It is required to find every Man's Part or Share 
of that Gain. 1 | To | os 
Note, Although. the Time of Trading, viz, eighteen. Months, be 
mentioned in the Queſtion, yet it is no Way concerned in anſwering of 
it ; as you. may obſerve in the. following Work, „ 
| Firſt, 2.558 L 831,35 1. 2 1 0,325 Decimal Parts, 
Conſequently, 1]. : 0,325 :: 65435 212,125. That is, 


654,50 212,71250 A. 
54375 ARSE. 1&A 
480, 0 4, 325 = 4 156,00000\ for JC. 
254,50 5 82,1250 D. 
365,25 | f118,70025k FE. 
260,00 . 84,50000 CF. 


LY 


Re " 


That is, 4 '212,71250=212 . 14. 03 
„ 176,71875 176. 14. 042 
C\ gains 4! 56,00000= 156 . 00. oo 
Df 82,71250 = $62 . 14 . 03 


118,70625 = 118. , 14 , 012 
84, So = 84... 10. o 


2E 
W F. 3 ** | 8 
Proof. Sum 831,35 S831. 07 . 00 


I have omitted reſolving this Queſtion according to the uſual 


Method (as before directed) of finding every Man's particular Part 


of the Gain by the Golden Rule, as in the firſt Work of Example 1. 
leaving that for the Learner's Practice. Ws 


Sect, 2. The Double Rule of Fellowſhip ; or chat with 


Time. 


THIS is uſually called the Double Rule of Fellowſhip, becauſe | 


every particular Man's Money is to be conſidered with Re- 
lation to the Time of it's Continuance in the Joint-Stock. 
Quęſtion 1. A, and B, join in Partnerſhip upon theſe Terms, 
viz. A agrees to lay down 100/. and to employ it in Trade. 3 
Months: Then B is to lay down his 100 J. and with the whole 


Stock of 200 J. they are to trade 3 Months more. Now at the 


End of that Time, they find their whole Gain to be 21/. It is 
required to know what each Man's Part of the Gain ought to be, 
according to bis Stock, and the-Time of employing it. 1 

a e Here 


2 It; 
-- WER 
748 is 


1 "Artehmetck. | EE ET 


Here it is but reaſonable to conclude, that 4 ought t to gain 
more than B, notwithſtanding their Stocks of Money are equal; 
| becauſe A employed his Money a longer Time than B. 

Now for ſolving of this Queſtion, let us ſuppoſe 4's 1001. 
employed the firſt three Months to gain Z=a Sum as yet unknown; 
then it muſt gain 2 Zi in 6 Months; z and to hea what B muſt 

gain, it will be 


I. Months. | 8 | 
100 D - ISD= Hs aint ? | 8 
100 3 1 to B's Gn] per Rule I. Page 97. 

, 100 x X3 x22 = P's Gain. 


0x6 W 


But As Gain ated to B's Gain muſt = = 21 J. the whole Gain 
dy the Queſtion. | 
—.— 2 21. 


efore 2 Z 
Therefore 2 + be 


That is, 200.6 x 2Z + 100 „3 2 Z = = 21X100X6, 
Which contracted is, 900 x 2 Z = 21 x 600. 


Conſequently, 2 2. —— 
Analogy, 9 900 


Fiz. oO: 21:: 600: 2 Z = 141. for 4's Gain. 
And 900 21 :: 100 * Z= 300: 74. for B's Gain, 


100X 2 * 22 


» which gives the following 


| Now this way of. arguing Hath not only reſolved the preſent 

Queſtion, but it alſo affords (and demonſtrates) a general Rule 

for reſolving all Queſtions of this Nature, be the Partners never 
{to many. 


© Multiply every particular Man's Stock, with the Time it 
is employed, then it will be, As the Sum of all theſe 
Rule. ] Products Is to the whole Gain (or Loſs), So is every 
one of thoſe Products to it's Herti Part of that 
hole Gain (or Loſs). | 


Dueſtion 2. Three Merchants A, B, and C, enter into Partner- | 


ſhip, thus; A puts into the Stock 6 51. for 8 Months; B puts in 
78 l. for 12 Months; and C puts in 84 J. for 6 Months. With 
theſe they traffick, and gain 166 J. 12s. It is required to find 
each Man's Share of the Gain, proportionable to the Stock and 
Time of employing i it, 


s. A's 


hs 


in 


in 


w. 


R 


e 


les — we ©» : 


Chap. . 


1 a. - Aa — ** 2 3 


— 
1 nc. tit. . abr 


Rule of Fellowſhip. | „ 


Cs rar C 100,00 x 8,25 \ the Time it was DES 00 


| 1 we; a hand, the Time it 15 
05 bal. x 63 e Ties 


The Sum of thoſe Products is, 1960 


Then, according to the Rule, the ſeveral Proportions will 


| ſtand thus, 


C520: 44,20 = 44 L 45. o d. £4. 
1960 : 166, 6: FE 79,36 79 i ford B. 
504: 42,84 = 421. 165. 9 2d. C. 


The whole Gain = 166 J. 12 5. 0 4. 

Or you may work as in ſome of the former Examples, viz. by 
finding the Pn FO of th Gain due to one Pound, &&c. 
Thus 1960: 166,6 :: 1 : 0,085 the common Multiplier, | 

Then 520 44,2 A 
930 ö X 0,085 = 1 79,56 Cor) 4 22 As before. 
i TS 42,84 2 


Queſtion 3. Six Merchants, viz. A, B, C, D, E, and, F enter 
into n and compoſe a Joint-Stock | in this manner z 


„ 4 
64 . 10 
78 . I5 
puts in C 100. oo 
| | 9 10 8 
74 . 12\ 
125 . 15 


Fiz. | Months. 


They traffick, and gain 2 581. 185. 42 d. It is required to 


find every Man's Share of the Gain, according to the Stock and 
Time it was employed. 

The ſeveral Stocks of Money, and their reſpeAive Times be- 
ing firſt brought into Decimals, and then multiplied 3 


Ng produce theſe following Products. 


5 '7 Months. 3 
0 64,50 x 4,50 290,25 
B's 7 78,75 x 6,00 472,50 
D's 80, 50 x 12,C0 
E's \ 74,6 x 9,50 


708,70 
Ps 2 125,15 x 7,00 


Pleyed = 1 
880, 25 


The Sum of thoſe Produẽts = = 4142,70 


Then 
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| Then if you work by the common Way; it will be 

4142,7 : 258,91875 :: 290,25 : 18,140625 = 181, 25, 94. 
ſor As Part of the Gain; and ſo on for the reſt. 

But if you work by the eaſieſt Way, viz. by finding the pro- 
portional Part of the Gain due to one Pound, 
Thus 4142,7 : 258,91875 :: 1 : 0,0625. 
Then „ THY 

290,25 | 18,140625 = 18. 02. 094 
272,507 _ 29,531250 = 29 . 10. 07; 
825,00 %, 0,0625 = £ 512502500=51I .1I1 .03 for- 
966,00 160, 375000 = 60. 07 . ob 
708,70 744, 293750 = 44. 05. 10: \ 
880,25 1 557015625 = 55 00 . 034 
de whale Gain = 258 18 04. 
| Theſe few Examples being well underſtood, are ſufficient to 
| ſhew the whole Buſineſs of Fellowſhip, &c. 5 . 


vo: am TS. 


% Al 


W—_——— 


Sect. 3. Of Bartering. 

HEN Merchants, or Tradeſmen, exchange one Commodity 

for another, it is called Bartering ; and the only Difficulty | 

in this Way of dealing, lies in duly proportioning the Commodi- ! 

ties to be exchanged, ſo as that neither Party may ſuſtain Loſs. 
Dueſtion 1. Two Merchants, A, and B, Barter; A would 
exchange 5 C. 3 grs. 14 pound of Pepper, which is worth 3 J. 105. 
per C. with B for Cotton, worth 104. per pound Weight ; how 


much Cotton muſt B give to A for his Pepper? 


—— 


- 


Note, In order to the reſolving of this Queſtion (and all other 
Dueflions of this Nature) you muſt firſt find, by the Rule of Three 
(or otherwiſe) the true Value of that Commodity whoſe Quantity is 
given (which in this Queſtion is Pepper). And then find how much 
| 221 other Commodity will amount to that Sum, at the Rate pro- 
%% 3 . 
Firſt 5 C. 3 qrs. 14 lb. = 5,875 J; 1 
And 31. > 4 d. = . on. 1 
Then 1: 3,5 :: 5,875 : 20,5625 = 200. 115. 3d. the true 
Value of the Pepper. „ 
Next it is eaſy to conceive, that A ought to have as much 
Cotton at 10 d. per Pound, as will amount to 201. 115. 34. 
which may be thus found ; 0 | 
10 d.: 1 lb. :: 204 115, 34, = 4235 d.: 493,5 lb. 
2 | | | | 


That 


0 132339 


32 — 


if 


Chap. 8. Ruleof Fellobilpip- - 


. FE TE VER 


That i is, 40. 197. 17 4 pound of Cotton. And ſo much muſt 

give to A in exchange for his 5 C. 3 grs. 14 pound of Pepper. 
Queſtion 2. Two Merchants A and B barter thus; A hath 

86 Yards of Broad Cloth worth 95. 24. per Yard ready Money; 


but in Barter he will have 11s. per Tard. B hath Saloon % 


worth 25. 14. per Yard ready Money: it is required to find how 
many Yards of the Shalloon B muſt give to A for his Cloth, to 
make his Gain in the Barter equal to that of Is. 

The Method of reſolving this, and the like Queſtions, differs 


a little from the laſt Caſe; for in this you muſt firſt find what 
Advance B ought to make per Yard upon his Shalloon, in * 


tion to one hath done upon a Yard of his Cloth. 

Thus © © „)) ĩ 8 4. 

(9. 2 = r 30 

the advanced Price for a Yard of B's Shalloon. Then proceed 
as before in the laſt Example. 3 

Thus 1 Yard : 11s. :: 86 Yards : 946 6. 2 47 J. 65. the ad- 
vanced Value of all the Cloth. w 

Next, If 2s. 64. will buy one Yard of 21 e ted at it's ad- 


vanced Price, wee many Yards will 47 l. 65. buy? 


Thus 235: : 946: 378,4 Yards. 


That is, B. mail give 3785 Yards of his Shalloon to A, for 

his 80 Vards of Broad Cloth. 

Theſe two Examples are ſufficient to ſhew the Learner, that the 
Method of bartering, or exchanging Commodities for Commodi- 


ties, wholly depends upon a clear Underſtanding of the Golden 
Rule ; which indeed 1 is fo called, . of 1 it s Univerſal Uſe. 


3 * 


* — — 


Sect F 4 : of e Coins. 


Exchange ging the Coins of one Country for thoſe of another, is like 


the Bufineſs'of bartering Commodities, That is, it conſiſts in 


finding what Sum of one Country Coin will be equal in Value 
to any propoſed Sum of another Country Coin. And, in order to 
perform that, it will be very neceſſary to have a true Account at 


all times of the juſt Value of thoſe Foreign Coins which are to be 
exchanged, as they are compared in Value with our £ng/ih Coin. 

I ſay, at all times, becauſe. the Par of Exchange (as tbe 
Merchants call it) differs almoſt every Day from London to other 


Countries. That is, it riſes and falls, according as Money is 


plenty or.ſcarce z; or according to the Time allowed for Tru : 


of the 4s in F 55 
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Arithmetick. 


— 


Part I. 


- "Thoſe that defire to be fully ſatisfied in the common Values of 
| Foreign Coins, Weights, Meaſures, &c. may find them in a Book 


called the Merchants Map of Commerce, which for Brevity ſake [ 
have omitted tranſcribing, and only collected theſe few of Coin. 


„** 


Foreign Coins. 


1 


4. 


1 Engliſh Coin. 


French Coin. 


Low Country 


We. 1 


Note, The Englifþ generally reckon their Exchange with other 


A Demier —= 

12 Demers = 1 Soulz = 
12 Soulz = 1 Livre = 

3 Livres = 1 Crown = 


Coin. A Stver = 
6 Stivers = 1 Flemiſh Shilling = 


20 Stivers = 1 Gilder = 


10 Gilders = 33+ Shillings 


or a Flemiſh Pound 5 185 
Embden Dollar = 

Campen Dollar = 
Zealand Dollar = 

) Lyons Dollar = 

 Specie Dollar = 


Duccatoon = 


. A Kixdollar of the Empire = 


A Gilder of Nuremberg = 
The Livre at Leghorn = 
Florence Crown Current = 
Venice Ducat de Banco = 
The Current Ducat = 
The Naples Ducat = 
The Cadiz Ducat = 
The Barcelona Ducat = 
The Valencia Ducat = 
The Bergonia Ducat = 
The Portugal Tefloon = 


The Piece of Eight = 
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1. 


Countries by Pence, viz. other Countries value their Crowns, 


Dollars, or Ducats, &c. by Engliſh Pence. Except with ſome 


Parts of the Low Countries, with whom the Exchange is in Pounds 


Sterling. 


Queſt. 1. How many Dollars, at 4s. 64. per Dollar, may one 


have for 1621, 18 3. Anſwer, 724 Dolla 


18 


Thus 


Chap. 8. Kult of Fellowſhip, &c. 107 


Thus 1627 2 32587 and 4s. 6 d. ma: 
Then 54.:1:: 3258 ; 724 the Anſwer. 


veſt. A. How many Saragoſſa Ducats, of 5 5. 6 d. the Ducat, 


may be had for 275 . Ducats, at 4s. 4 d. the Piece? 
Anſwer, 216 and 3s. 8 d. over. 
Thus 52 64: 2604 and 45. 4 d. = 52 d. 
Then 275 x 52 14300 d. = 275 Ducats. 
Conſequently 66) 14.300 (216 4 the Anſwer required. 


Dueft, 3. A Traveller would change 2331. 16s. 84. Sterling | 


Money, for Venice Ducats at 45s. 9 2 d. per Ducat; How many 
Ducats muſt he have? Anſwer, 976 Ducats. 


Thus 45. 9424. = gnied. and 233. 16s. 8 d. 256120 d. 


Then 57,5.) 561204, (976 the Anſwer required. 


5 * 4. A Caſhier hath received 759 Ducats, at 7 s. "= op 
ucat; and 579 Dollars at 4s. 8 d. per Dollar: Which he 
would exchange for Flemiſh Marks at 14 5. 3 d. per Piece: How 


my _ he to have ? 


- For 75. 64. s and 46 BY INE PE 
759 x 90 = 653104. the Value of the Ducats, 

. Then | pd defer an the Value of the Dollars. 
Corr l ack = 1007 34 d. 


And 145. 3 d. = 17 1 d. the Flemiſh Mark in 1 
Conſequently 171) 100734 (589 &c. the Anſwer required. 


Quęſt. 5. A Bill of Exchange was accepted at London for the 
Payment of 400 l. Sterling, for the like Value delivered in Am- 


fterdam, at 11. 135. 64. for 11. Sterling; How much Money was 


delivered at- Oe ? 
Anſwer, 6701. Flemiſh. 


For 18 EP Rn and 11. 135 6 d. = 4024. 
Then 240: 402 : : 400: 670 the Anſwer required. 


Queſt, 6. When the Exchange from Antwerp to London is at 
11. 45. 7d. Flemiſh, for 11. Sterling; How many Pounds 


Sterling muſt be paid at London, to balance 236 J. Flemiſh at 
Antwerp? 


Anſwer, 1921. Sterling. 


Thus il. 48. 74. = 295 d. and 11. = 240d, 
Then 2230 240: 1 192 the Anſwer. 


Weſt 


Anſwer, 589 Marks, 1 5d. over. 
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Queſt. 7. A Merchant delivered at n 1 Stec to 


receive 147 l. Flemiſh in Amſterdam ; How much was 1/1, Sterling 


walued * in . Money ? 


Anſwer, 10. 45. 6. 
Thus 120: 147: : 2404. : 294d. = 11. 4s. 6d. Cc. 
Queſt. 8. A Factor hath ſold Goods at Cadiz for 1468 Pieces 


of Eight, valued at 4s. 6 f d. Sterling per Piece; How much 


OY e do thoſe Pieces of Eight amount to? 
Anſwer, 3331. 75. 2 d. 


Thus, 4122 1 then 1468 x 54,5 83006 d. Sc. 


Queſt. ꝙ. A Traveller would have an equal Number of Crowns 
at 5s. 6d. per Crown; and Dollars at 4s. 5 d. per Piece; How 


many of each ſort may he have for 309 J. 8 f.? 


Anſwer, 624 of each. 


Thus 3091. 8 f. = 742564 
And 55. 64. +45. 5 d. — 1194. 


Then 119) 74256 (624 the Anſwer required. 


Ou. 10. Suppoſe I would exchange $271. 17s. 64. for 


Dollars at 4s. 6. a Piece, Ducats at 5 f. 8 d. a Piece, and 
Crowns at 63. 1d. a Piece; and would have 2 Dollars for 


a {! 


1 Ducat, and 3 Dollars for 2 Crowns. How magy: of each ſort 


muſt I have? 
Anſwer, 927 Dalla, 463 2 Ducats, and 618 Crowns, | 


C 544. — 1 Dollar, | 
is ory 684. = 1 Ducat, Los Seen. 
734. = 1 Crown, * »2 


And 126690 d. 527 l. 175. 64. 


Now if the Crowns, Dollars, and Dad were to be equal i in 


Number; then 73--54-+68 muſt have been the Diviſor, by 
which 126690 muſt have been divided, and the Quotient would 


have been the Anſwer to the Queſtion. "Az in the laſt Example. 


| But here inſtead of their Sum, ſuch Parts of them muſt be 
| taken as are aſſigned or limited by the Queſtion ; that ſo the 
Number of Hoa one of them may be found. 


2 Dollars Fa 1 Ducat, and 
Ang been ther mult be 0 3 Dollars for 2 Crowns, 


Therefore: it will be 7 of a Ducat for one Dollar, and 2 of a 
Crown for one Dollar, 


Ca 


my Af tw A 


8 


Chap. 8. | —Rule « of Fellowſhip, e. 209 


" Conſequently, 54+$*: +2 of 73 = 136 4, or 4 © will be 
the Diviſor to find the Number of Dollars. 


Thus 0 126690 (927 the Number of Dollars. 8 


Then 2 b of 927 = 463+. is the Number of Ducats. 
And 3 > of 937.5 = 618 is the Number of Crowns, 


0 if you pleaſe you may fra Diviſors. to find either the 


Ducats or Crowns firſt : For if it be 2 Dollars for I Ducat, _ 
3 Dollars for 2 Crowns, as before; 


Then will 6 Dollars be for 3 Ducats and 6 5 Dollar for 4 


Crowns. 


Therefore, 4 5 To a Dollar p will be for 1 On 


Conſequently, I of 54: +43 of 68: +7 * = 205 will be the 


Diviſor to find the Crowns firſt, &c. 


Se. 11. A Caſhier is to receive 500 J. He is offered Crowns 
at 65. 12 d. per Crown, which are worth but 656. Or he may 


have Dollars at 45. 5d, the Piece, which are worth but 4 f. 4 d. 
Which of thefe ſhall he receive to have the leaſt Loſs ? And how 


much will he loſe in the Payment! 1 


a 1 1 Crown = 724. 
1 Dollar = 4 þ 


1 Crown = 73,54. 
E 1 I Dollar = 5 30 od. ; the advanced Values. 


Now to find which will be the leaſt 8 ; find what the ad. 
vanced Value of a Dollar ought to be in Proportion to that of 
I Crown. 

Thus 72: 73,5 :: 52: 53,083, Cc. But he may have Dollars 


en to the true Values, 


at 53 4. per Piece, therefore the Payment in Dgjlars will be the 


leaſt Loſs; vis, 53 is leſs than 53, o8 3, Cc. 

Next, to find what the whole Loſs will be by receiving Dollars. 
Becauſe the 500 l. 120000 d. is advanced as much above the 
true Value, as 53 d. is above 52 d. therefore ſay, If 53 d. ad- 
vance 1 d. = 53d. — 52 d.; what will 120000 d. advance? 1. e. 


53 d.: 14. .: 120000. : 2264 5 4. = 94 85. 454. =the 
Lok 8 


Queſt. 1 2. Kenne I exchange 41. 10s. 104. for 11 Crowns 
and 7 Dollars; and at another Time 1. have 4 Crowns and 3 
Dollars for 1 J. 15s. each being of the ſame Value with the fuſt. 
What! is | the Value of a Crown, and of a Dollar ? ? 


Firſt 
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=__ | -  Arithmetick, 


© Firſt 11 Crowns + 7 Dollars 1090 d. J i ne Ones 

Second 4 Crowns + 3 Dollars = 4204. F by the Queſtion, 1 

Then in order to find the Value of 1 Crown, you muſt caſt off 

the Dollars by making them of the ſame Number ; Thus, 

33 Crowns+21 Dollars = 32704. the firſt multipl. with 3. 
28 Crowns-+21 Dollars = 2940 d. the ſecond multipl. with 7. 
Ik᷑ ben 5 Crowns = 3304. being the Difference. 
| Conſequently 5) 330 (66 = 55. 6 d. is the Value of 1 Crown. 

And4 Cora = 264 ml nh ny nent r 
Then will 3 Dollars = 4204. — 2644. — 1564. ET Ine 
Conſequently 3) 156 (52 4. = 45. 44. the Value of 1 Dollar, 
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Of Alligation, 


WHEN it is required to mix ſeveral Sorts of Ingredients 


together; as different Sorts of Corn, Wines, Wool, Spices, 
or Metals; or to compoſe Medicines, &c. the Method of pro- 
portioning ſuch Mixtures, is called the Rule of Aligation; and is 


divided into two Parts or Branches called Medial and Alternate, 


Sect. 7. Of Aligation Medial. 


Mligation Medial, is that by which the Mean Rate or Price 


74 of any Mixture is found, when the particular Quantities of 
the Mixtures and Rates are given; and is thus performed. 


Firſt find the Sum of all the Quantities propoſed to be mixed; 


and alſo the Sum of all their particular Rates. 


Then the Proportion will be, | 
A. the Sum of all the Duantities : Is to the Sum of all their 
Rule] Rates : So is any Part of the Mixture: To the Mean 
Rate or Price of that Part. e 


Qugſt. 1. Suppoſe 15 Buſhels of Wheat at 5 5. the Buſhel, 


and 12 Buſhels of Rye at 3s. b d. the Buſhel, were mixed together; 


What 


Part I. 


e 


„ rr 


W 2 


c 0 e e 


ö 0. 
—— — — —U—ñä — 


What is the Mean Rate or Price, it may be fold for a Buſhel, 
without Loſs or Gain ? ; 


This Queſtion prepared as directed above will ſtand 
Thus 1 15 Buſhels of Wheat at 5 5. per Buſhel, comes to 900 d. 
112 Buſhels of Rye at 3s. 6d. each, comes to 504 d. 
es 2= their Sum. And their total Value = 1404 4. 
Then 27 Buſhels: 1404 d.: 1 Buſhel: 52 d. 4. 44. the 
Anſwer required. e 


Qusſt. 2. A Grocer mixeth 36 Pounds of Tobacco, worth Is. 


64. a Pound, with 12 Pounds of another Sort at 25. a Pound, and 
12 Pounds of a third Sort at 1 5. 10 d. the Pound. How may he 


ſell the Mixture per Pound? 


Ib. 85 5. d. 1 | | 
j RD OE 1648 
Firſt J 12. at 2. of per Pound amounts to 3 288 
CCC . 1264 

bo the Number of Pounds, Their Value g 1200 


Then 60 lb: 1200 4. :: 1 Ib: 20 d. = 15. 8 d. the Anſwer 


required. 


\ 


Wh. 3- A Vintner mixeth 31 Gallons and a half of Malaga 


Sack worth 7 5s. 64. the Gallon; with 18 Gallons of Canary at 


65. 94. the Gallon; 13 Gallons and a half of Sherry at 55, the 
Gallon; and 27 Gallens of White Wine at 4s. 34. the Gallon, 
It is required to find what one Gallon of this Mixture is worth. 


Wo "Any Ty ne Pence. 

785 at 7. 6 | 2035 
ni ef po Gallon comes) fi 
27 aA 4 3 1377 


9o the Number of Gal. Their Value = 6480 


Then 90: 6480: : 1 : 72 4, 65. the Rate or Price of one 


Gallon, as was required. 


The Proof of all Operations in theſe Sorts of Mixtures, is done 
by comparing the Value of all the Mixture (being ſold at the Mean 
Rate) with the total Value of all the particular Quantities, ſup- 
poſing they had been ſold at their reſpective Rates unmixed ; if 


thoſe Sums are equal, the Work is true, 


Sect. 
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1 Arithmetick. 


Sect. 2. Of Alligation Alternate. 
A-"gation Alternate, is that by which the particular Quantities 
of every Ingredient concerned in any Mixture are found ; 
when the particular Rates of every one of thoſe Ingredients, and 
the mean Rate are given; being (as it were) the Converſe to Alli- 
gation Medial; as will appear by the following Operations, which 
admit of three Caſes. . 3 | 
Caſe I. The Particular Rates of any Ingredients propoſed to be 
mixed, and the Mean Rate of the whole Mixture being given ; 
To find how much of each Ingredient is requiſite to compoſe the 
"rar when the whole Quantity, or any Part thereof, is not 
limited. i Ob 1 hk £1 
 Dueft. 1. How much Wheat at 5 5. the Buſhel, and Rye at 33. 
64. the Buſhel, will compoſe a Mixture that may be ſold for 45. 
44. the Buſhel? > „ 1 5 
Note, In all Queſtions of this Nature, it will be convenient to 
place the Mean Rate ſo, as that it may be eaſily compared with the 
| particular Rates, in order to find every one of their Differences from 
the Mean Rate, by Inſpection only. e 


Then take the ſeveral Differences betiueen the Mean Rate, and the 
Particular Rates ; ſetting down thoſe Differences Alternately, and 
they will be the Quantities require tk. PO 

_ of 10 52 — 42 
Thus 52 42 n 
That is 52 — 42 == 10 for the Quantity of Wheat. 
And 60 — 52 = 8 for the Quantity of Rye, that will com- 
poſe the Mixture required. 355 4 
Ihe Proof by Alligation Med. 
Add f 10 Buſhels of Wheat at 60 d. per Buſhel O d. 
IS Buſhels of Rye at 42 d. per Buſhel — 3564. 
18 = the Number of Buſnelss. S 936 4. 
Then 18: 936: : f: 52 4. = 45. 4d. the Mean Rate. 
Note, Altho' 10 and 8 do anſwer the Queſtion, as plainly ap- 
pears by the Proof; yet they are not the only two Numbers; for 
this Queſtion, and all others of this Kind, will admit of various 
Anſwers, and all whole Numbers; for any two Numbers that are 


in the ſame Proportion to one another, as 10 is to 8, will as truly , 


anſwer the Queſtion. © | | W ET. 


| * eee 6 p — — | — — ä 
Chap. 8 Of Alligation, cc. 113 
EOF. a —— ERR, 

iz. 10 :8:: " "TY e. ad infitam, 


Nel. 2. A Grocer would mix three Sorts of Tobacco together, 
viz, one Sort of 18 d. per Ib, another Sort of 22 d. per Ib, and 


a third Sort of 25. the lb. How much of each Sort muſt he take, 
that the whole Mixture may be ſold for 20 d. the Pound? 
Having ſet down the given Rates, as before, then find each of 


their Differences from the propofed Mean * and place thoſe 
Differences alternately. er 


18} (4 +2 =24 4 60 2 —26 
: = 20—18, 
243 22 20— 18 


5 Theſe D 6 . 2 . 2 are the Quantities required. 
ods 6 Ib of Tobacco at 18 4.) on; 
9 — 8 (be Pound come w) 44 ( d. 

5 2 lb at 24 d. L 48 


10 = the Number of Pounds. Their Value 20⁰ d. 
Then 10) 200 (20 the Mean Rate. 


Mean Rate 20 141 


as 


— 


Or indeed any three Numbers that have the ſame Ratio t to one | 


another as 6 and 2 have, will anſwer the Queſtion. 


5 1 
That is, 6: 2 or 0 Sc. 


| But if only one of the three given Rates had been gr greater than 
the Mean Rate; as ſuppoſe. 14.4. per Pound, 18 d. per Pound, and 
24 4. per Pound, and the Mean Rate 20 d. as before; then their 
Damen muſt have been placed, | 


r +14) (4 
Thus 1415 [ET as before: | 
90 6 ＋2 OPS 


Que. 3 . A Vintner would make a Mixture of Malaga, worth 
75. 6d. ** Gallon, with Canary at 6s. 9d. per Gallon, Sherry 


at 5s. per Gallon, and White Wine at 4s. 34. per 'Gallon ; 


What Quantity of each Sort muſt he take, that the Mixture ny 
be fold for 65. per Gallon? 
In all Queſtions of this Kind, wherein it is required to mix 


four Things together, two of them having their Prices greater, 


and two leſs than the mean Rate you muſt always alligate or 
compare 
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11% Arithmeticecn. Part l. 


Compare a a greater and leſs Price with the mean Price, ſetting - 


down their Differences en as in the firſt Example of ns 
Section. * 


Malag g 90 d. 11 21 = 72 — $I 


RE White $14.3 L18 = 90 — 72 
Thus, e 72.6. Sherry 50 d. f * Ws 
+ Canary 614.3 C12 =72—60 


Hence 21 Gallons of Malaga, 12 of Canary, 9 of gs bb and 18 
of White will _— the Mixture required. 


Malaga 90 d. ! i 12 Malaga) 


Sherry 604. J 18 Sherry {| „. 
Or ths, 72 Canary. 80 d. 1 21 e will, &c. 
White 51 4. 1 


Either of theſe Mixtures equally anſwer the Queſtion, which 


1 ay be eaſily tried as before in the laſt, &c, 


Caſe II. The particular Rates of all the Ingredients 3 
to be mixed, the Mean Rate of the whole Mixture, and any one 
of the Quantities to be mixed being given: Thence to find how 
much of every one of the other Ingredients i is requiſite to compoſe 
the Mixture. 


Nite, This is uſually called Alligation Partidl. 


Nuęſt. 4. How much Wheat at 55. the Buſhel, muſt be mixed 


with 12 Buſhels of Rye at 33. 6 d. a Buſhel, that the whole Mix- 
ture may be ſold for 4s. 4.4. the Buſhel ? 


In this Caſe you mult ſet down all the particular Rates, with. 


the Mean Rate, and find their Differences juſt as before; ; without 
any regard had to the Quantity given, 


Thus, Mean Rate 524. {gs 5 5 12 8 


As the Duantity foind by the Differences of the ſame | 


Th Name with the Quantity given: [5 to the Quantity given: 


So is any of the other Quanitities found by * Differences 
TC To the Quantity of it's Name. 


- "Thus 8:82 :: 10: 15, the Quantity or Number 4 Buſhels of 


Wheat required, 
_ Dreft. 5. How much Malaga at 75. 64. the Gallon, Sherry at 


55. che Galan. and White Wine at 45. 3d. the Gallon, muſt be 


mixed with 18 Gallons of Canary at 65. ꝙ d. the Gallon ; that the 
whole Mixture may be fold for 6 5. the Gallon? | 


The 


(9) 


%S 


| of the Mixture. 


— ET SEPIC —2»[ꝑZ˖:w— 
Chap. 9. Of Alligation, Fe. 1 15 


The Terms being ſet down, &c. as before, wel and 


Malaga 2 | 95 : 
LY 2 „ White 51 1 
| Thus, Mean Rate 72d. Sherry 1 wy | 9 
x, | , Canary ZI 
: 31 + Gallons of Malaga. 
27 Gallons of White. 
132 Gallons of Sherry, _ 
| Thatis, 31 2 Gallons of Malaga, 27 of White Wine, and 133 
of Sherry, being mixed with 18 Gallons of . will make che 


Then, as 12: 18 5.24 18 


Mixture required. 


Malegs 902 | 12 
5 herry 60 4 
Or thus, 72 Canary 81 ; 
White 51 oF 
t 5 . 12: 10 7 the Malaga. : 
Then, 2 175 . : 18: 18 : 15 77 the Sherry. Sc. 
RY EC 9g: 721 the White. 
Gallms, „ Pence. 
e = 2287 925 45. 
. | 8 t cO d. 2 LE 
Pr: 15 bh at 51d. 8) 793 5 
18 at 81 4. 1458 
Suͤm 1 51 > Vualue = 3702 2 2 72 the Mean Rate. 


Then 51 £;) 3702 21 * (72 4. 2 65. 


Therefore the Quantities : are as truly 1 here, as in the 
laſt Work. 


Caſe III. The 1 Ratei of all the 3 RP 


to be mixed; and the Sum of all their Quantities with the Mean 


Rate of that Sum being given ; to find the particu: ar 81 27755 

This is called Alligation Total, and is s thus performed. 

Set down all the particular Rates, with the Mean Rate, and find 
their Di ferences, as before : add together all the Differences into 
one Sum; 

As the Siem of all the Dife rences : Is to the Sum of all the 
Then? 3 given :: $0 is every particular Difference : 
it's particular DQrantity. 

Deſt, G. Let it be required to mix Wheat at 5 f. the Buſhel, 
with Rye at 3s. 6d. the Buſhel ; ſo that the whole Quantity may 
be 27 Buſheſs, ro be fold for 4s. 44. a Buſhel; what Quantity 
of each mult be taken to make up the Mixture! ? yoo 
8 Nlean 
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116 Arithmetick. | 0 Part 1 
Meag Rate 52 1 Rye 42d. 1 8 


l = their Sum. 


118 175 the Quantities required. 


Then 18 27 9: 8 2 12 
Nueſtion 7, Suppoſe it were required to mix Malaga at 7 5. 64 
the Galen, with Canary at 65. 9d. the Gallon, Sherry at 55 the 


| Gallon, and White Wine at 45. 3 d. the Gallon; fo that the 


whole Mixture may be 90 Gallons ; to be ſold for 6 s. the Gallon; 


How much of each ſort will compoſe that Mixture? 


e ii | 
3 White 51 $2 18 5 
Mean Rate = 74 d. Canary 8114 9 


L Sherry 60 Hr 
500 their Sum. 


ON * 5 Sr 5. 
Then 60 : 90: : 3 : N the Gallons of _—_ 
t TCanary. 
= 1 128 | 
Or thus, 72 Canary 8: Jzr 1 
+ Same SITES: 
60 their Sum, 1 
| 12: 18 : 1 Malaga. 
Tben 60: 902: 05 31 f e 015th 
9 131 White Wine. 


Either of theſe Ways do equally anſwer the Queſtion, as may 
be eaſily tried by Alligation Medial. As before, &c. | 


Note, The Work of theſe Proportions may be much ſhortened 


(eſpecially when thers are many Ingredients to be mixed) if you obſerve 
ihe ſame Method as was propoſed in the Rule of Fellowſhip, page 


909, Oc. 


I have made Uſe of the very ſame Examples both in Alligation 
Medial, and Alternate, throughout the three Caſes; being, as I 
preſume, much better than if they had been different ones; be- 


cauſe the Learner may (if he conſiders them a little) eaſily perceive, 


not only the Difference between the two Rules, but alſo wherein 
: the 


Chap. 10. Of Metals, Gravities, &c. . 
the chief Difference of each Caſe in the Alternate Rule depends 

Sc. Not but that I could have inſerted many various Examples, 
as alſo the Manner of compoſing Medicines, &c. which, for 
Brevity fake, I have omitted, and refer thoſe that defire to ſee 
into that Bufineſs to Sir Fonas More's Arithmetick, wherein he 


will find it largely handled. And fo I ſhall conclude with Ali. [8 
gation Alternate, which altho' it gives true Anſwers to Queſtions "8 
of that Kind, with ſome little Variety, according as the Ingre- 1 
dients are more or leſs in Number; as appears by the foregoing | Wil 
Examples; yet it will not give all the Anſwers ſuch Queſtions are Wil 
capable of, nor perhaps thoſe which ſuit beſt with the preſent Oc- 1 | 
caſion: Nor can this Imperfection be remedied by common Wl 
Arithmetick; but by an Algebraick Way of arguing it may ; 1 
whereby all the poſſible Anſwers to any Queſtion may be clearix 1 
and eaſily diſcovered; as ſhall be ſhewed further on in the Second 1 
Part. N 7 5 | | _ Wl | 
5 10 
e 8 5 | N 1 
„e IX. 1 

/ Metals and ibeir Specifick Gravities, Sc. | 


"Se; 3. Of Gold and Silver. 


PURE Gold, free from Mixture with other Metals, uſually 
called Fine Gold, is of ſuch a Nature and Purity that it will 
endure the Fire without waſting, although it be kept continually 
melted : and therefore ſome of the ancient Philoſophers have ſup- 
poſed the Sun to be a Globe of liquid or melted Gold. 

Silver having not the Purity of Gold, will not endure the Fire 
like it: Yet Fine Silver will waſte but a very little by being in 
the Fire any reaſonable time; whereas Copper, Tin, Lead, &c. 

will not only waſte, but may be calcined or burnt to a Powder. _ 
Both Gold and Silver in their Purity, are fo very flexible or 
ſoſt (like new Lead, Cc.) that they are not ſo uſeful either in 
Coin, or otherwiſe (except to beat in Leaf. Gold or Silver) as 
when they are allay'd, or mixed and hardened with Copper. 

And altho' moſt Places differ more or leſs in the Quantity of ſuch 

Allay, yet in England it is generally agreed on, that, 

— Standard 
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Standard Gold. 


 Irithmetick. r 


** — 
. 


Standard for Gold, 
22 Caradts of Fine Gold, and 2 CaraQts of Co pper, being 


melted together, ſhall be eſteemed the true Standard for "Gold Coin, 


Sc. (The French and Spaniſh Gold being very near of the ſame Stan- 


dard.) That is, if any Quantity or Weight of Fine Gold, be 


divided into T wenty-four equal Parts, and 22 of thoſe Parts be 
mixed with 2 of the like Parts of Copper ; that Mixture i is called 

| Whence you may obſerve, that a Cara i is not an . 
Quantity or Weight, but zr Part of any Quantity or Weight; 


and the Minters and Goldſmiths divide it into 4 equal Parts, which 


they call Grains of a Carat; alſo they ſubdivide one of thoſe 
Grains, into Halves, Quarters, os: 


Standard for Silver. 
Fleven Ounces and Two Penny-weight of Fine Silver, and Eigh- 


teen Penny-weight of Copper being melted together, is eſteemed 


the true Standard for Silver Coin, called Sterling Silver. And fo in 
Proportion for a greater or leſs Quantity; which is a leſs Pro- 
portion of Allay for Silver, than the other is for Gold. 

Miete, When either Silver or Gold ts finer than Standard, it is 
called Better; if coarſer, it is called Worſe; and that Betterneſs 
or Worſeneſs, is reckoned by Caracts and Grains of a Carat in 
Gold, and by Penny- weights in Silver; and is thus diſcovered : 
The Goldſmiths or Refivers, &c. take a ſmall Quantity of ſuch 
Gold as they intend to try (which they call making an Aſſay) and 
weigh it very exactly, then they put it into a Crucible, and melt 
it in a ſtrong Fire, ſo long, that if there be any Copper, or other 
Allay mixt with it, that A lay may be conſumed or burnt away : 
When it is cold they weigh it very exactly again, and if it have 


| Toft nothing of it's hel Weight, they conclude it is Fine Gold, 


but if the Loſs be , Part, they call it 23 Caracts Fine, or one 
Caract better than Crndard:: If it have loſt r Parts, it is 22 Ca- 
ras fine, or Standard: If r Parts, it is ſaid to be 21 Carats 
fine, or rather one Caract worſe than Standard, and fo in Pro- 
portion as it happens to be better or worſe. 


In che ſame Manner they make their Aﬀay' on Gene: only they 
compute it's Loſs by Penny-weights, &c. 
The Author of the Preſent State of England, mentioned before 
(page 32.) ſays, 
«That 
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Chap. 10. Of Metals, Gzabities, Re: 119 
That the Engliſp Coin may want neither the Purity nor 
« Weight required, it is moſt wiſely and carefully provided, that 
once every Year the chief Officers of the Mint appear before the 
Lords of the Council in the Star- Chamber at Węſiminſter, with 
< ſome Pieces of all Sorts of Monies coined the foregoing Year, 
taken at Adventure out of the Mint, and kept under ſeveral 
Locks, by ſeveral Perſons, till that Appearance; and then by a 
Jury of 24 able Goldſmiths, in the Preſence of the ſaid Lords, 
every Piece is moſt exactly weighed and aſſay'd. 
This, if it were conſtantly practiſed, would keep our Coin to it's 
true Standard, &c, | 


Many pretty Queſtions may be ſtarted concerning the F ineneſs 
of Gold and Silver, Qc. , Pat. Es 


EXAM PL E I. 


If an Ingot of Silver weighing 787 Oz. 14 Prot. 6 Grains, be 
Ix Oz. 6 Pwt. fine; How much fine Silver is there in it, and 
what amounts it to, at 5s. 1 f d. the Ounce ? „ 

This Ingot is better than Standard by 4 Prot. For 11 Oz. 
2 Put. = 222 Put. the fine Silver in 12 Oz. of Standard. But 
TI Oz. 6 Pwt. = 226 Prot. the fine Silver in 12 Oz. according 
to the Queſtion. Dn 0 = | 

Firſt 787 Oz. 14 Put. 6 Grains = 378102 Grains, 

And 12 Oz. = 240 Pwt, _ 5 
Tben, As 240 : 226 :: 378102 : 356046 2 = 741 Oz. 
15 Put. 6 7, Grains, the fine Silver in that Ingot. 
Which at 5s. 144. the Ounce, amounts to 190 J. 15. 6 d. 
and near a Half-penny. 85 85 


VVV 


If an Ingot of Gold weighing 115 Oz. 13 Put. 18 Grains, 
be + of a Grain worſe than Standard: How much Standard Geld 
is there in it, and what comes it to at 31. 115. an Ounce? 


Firſt 115 Oz. 13 Pwt. 18 Grains= 55530 Grains Trey. 
Then 24) 55530 (2313,75 = a Caract of that Quantity. 

And 4) 2313, 75 (578, 4375 = a Grain of that Caract. 

Conſequently 4) 578, 4375 (154, 609375 = + of a Grain. 


Again, 2313,75 * 22 = 50902, 5 ought to be the fine Gold in 
that Ingot, if it had been Standard?: CITE. 


But 
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120 BY Artthmetick. 2 _ Ban L 
But 50902,5 — = 144609375 = = 50757 890625 i is the Quantity 


of fine Gold according to the Queſtion, Therefore 50902, 5+ 


5890625 :: $5530 0 55372,244, Sc. Grains = 115 Oz. 
* 2 e c. Grains Troy, being the an of Standard 
800d in that Ingot, as was required. 
Next for the Value of it at 3/. 11 s. per Ounce ; 3 1 Oz.= 40 
Grains; and 31. 11 f. = 716. Conſequently 480: 91 : 


55372, 244, Cc. : 8190,47), Cc. = 4097. 10s. 544. very 


near; being the Value of that Ingot, as was required. 


Or the laſt Queſtion may be otherwiſe wrought thus; I15 Oz. 
13 Pit. 18 Grains 11,6875. And 2 F of a Grain of a Caract 


is z (vis. the 4 of f.) Then. 22 — 47, = 21 445 = 2149375. 


Conſequently 22 * 1% 11 5,6875: 8 175,358 8425 S. 
= 115 Os. 7 Put. 4,24 Grains, &c. as before, 

"a for the Value; as 1: 3,55 : : 115,358842 : ede 
W = 4990. 105. 5 4. min before. 
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Seck. 2. The Specfick Gravity M opetals, 8 "OY 


he e——_—s 


] Take an {Enquiry made about the different Gravties, or 


Weights of Metals, and other Bodies, to be (not only a Work 
of Curickity, but alſo) of very good Uſe upon many Occaſions, 


Therefore ſeveral Authors have given us ſuch Proportions, or 
Difference of their Weights, as they are ſaid to have one to ano- 


ther ; ſuppoſing every one of them to be of the ſame * 
or Bigneſs. Some of which I ſhall here inſert. 


1. Henry van Etten, in his Mathematical Recreations, printed 
Anno 1633, ſets down the Proportion of their Weights thus; Gold 


1875. Lead 1165. Silver 1040 . Copper 910. Iron 810. Tin 750. 
Water 100. 


2. One Alſtead, in his Encyclopedia, printed $649, hath them 


thus: Gold a 85 . Quickſilver 1500. Lead 1165. Silver 1040. 
Copper 910 
| Oil go. Theſe ſeem to be taken from thoſe of Va an Etten's, with 


ron 806. Tin 750 . Honey 150. Water 100. 


ſome Additions only. 
2. The i ingenicus Mr Oughtred, in his Circle of 8 


printed Anno 1660, hath their Proportions (according to the Ex- 


peruments of one Marinus Ghetaldi, in his Tract called Archimedes 
Promotus) thus: Gold 3990 . Quickſilver 2850 . Lead 245 5 


| Silver 2:70 . Braſs 1890. Iron 1680 . Tin 1554+ 


2 5 4. In 
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Chap. io. Of Metals, Gravities, &. 121 
4. In the Philoſophical TranſaRions, (Number 169 and 199) 
there is an Account of a great many Experiments of this Kind; 
from whence I. collected theſe following, viz. Gold 18888 . 
Mereury 14019 . Lead 11343 . Silver 11087 . Copper 8843. 
Hammered Braſs 8349 . Caſt Braſs 8100 . Steel 7852 . Iron 
76043 . Tin 7321. Pump-water 1000 
Theſe laſt Proportions being approved of and publiſhed by 
Order of the Royal Society ſeem to be unqueſtionably true: Never- 
theleſs, becauſe they differ ſo much from the before- mentioned, 
(and thoſe from one another) J have for my own Satisfaction made 
ſeveral Experiments of that Kind: And have ( [preſume ) obtained 
the Proportions of Weight that one Body bears to another of the 
ſame Bulk or Magnitude, as nicely as the Nature of ſuch Matter, 
which may be contracted or brought into a leſſer Body (viz. 
either by Drying, or Hammering, or otherwiſe) will admit of; 
which are as followeth: = 


| Ounces T roy. || Ounces Awerd. | 
Fine Gold, is 10,359273 = 11, 305002 
1 Standard Gold, 9,992625 10, 930422 
Quicſſilbver, | 7,384411 = 8, 101753 
Lead, | | 5,984010= 6,553885| 
| Fine Silver, | 5,850025 = 6,418324| 
I | Standard Silver, | 54556769 = 6,096569 
_ | Roſe Copper, | 4,747121= $,208369| 
| Plate 8 Ws 44404273 = 448321106 
i Caſt Braſs, ” 4,272409 4, 630300 
Se, 4142127 = 4, 544505 
| C:mmon Iron, | 4,031361= 4, 422979 
A Cubick 7 Block Tin, 3,8061519 = 4,236638 
Inch of ] Fine Marble, 1, 429411 2 1, 568859 
| Common Glaſs, 1,3690841 = 1, 493037 
Alabaſter, 0, 988456 = 1, 084477 
Dry Ivory, 0, 962083 1,055542 
Dry Box-wood, 0, 543282 = 0,596057 
| Sea Water, | 0,542742= 0, 5948944 
| Common Clear Water, o, 527458 = 0,578697| 
1 Red Wine, | 0,523766 = 0,574646 
I Proof Spirits of Brandy, | 0,489268 = 0,536796 
| Sound Dry Oak, | 0,489008 = 0,536569 
; Linſeed Oil, | | 0,491591= 0,539345 
. | | — 
Oil Olive, 1.0.48 1569 = 04528350] 
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10 this Table you have the Specifick Gravity or Weight 1 a 


Cubick Inch, of various Sorts of Bodies, both in Troy Ounces and 
Averdupois Ounces, and Decimal Parts of an Ounce, which I can 


aſſure you required more Charge, Care, and Trouble, to find out 


nicely, than I was at firſt aware of. 

Now from hence it will be eaſy to determine the Weight of 
any propoſed Quantity, of the ſame Matter and Kind with thoſe in 
the Table ; it's ſolid Content being given in Cubick Inches. For 


it is plain, that if the Number of Cubick Inches contained i in any 


given Quantity, be multiplied with the tabular Weight of one Inch, 


(of the ſame kind of Matter ) the Product will be the Weight of chat : 


Quantity in Ounces, &c, 


LA DSSITE 


Suppoſe it were required to find the Weight of a Fiese of 


Marble, containing three Solid Feet, and 40 Cubick Inches. 


Firſt 1728 x 3= 5184 the Cubick Inches in 3 Solid Feet. 
And 5184 ＋ 40 = 3 the Number of Cubick Inches in the 
Piece of Marble. 
Sag 5224 X 1,429411 = 66830 Ounces Troy. 
5224 * 1, 568859 = = 8195, 19416 Ounces Averdupois. 


The Weight of that Piece of Marble, in Ounces, &c. which is 


eaſily brought into Pounds, &c. The like for any of the reſt. 

The Converſe of this Work is as eaſy; viz. if the Weight of 
any propoſed Quantity be given, thence to find the Solid Content 
of that Quantity in Cubick Inches, &c. 


Thus, divide the given Weight of the propoſed Quantity (it 
being firſt reduced into Ounces, &c.) by the tabular Weight of one 


Inch (of the ſame kind of Matter ) 4+ the Quotient will be the 
Number of Cubick Inches contained in that Quantity, 


Note, If you would find what Weight any Quantity of thoſe 
Bodies mentioned in the Table will have, when immerſed or put 
into Water, you muſt ſubtract the Weight of an equal Quantity 


of Water (with that of the Body) from the Weight of the propoſed 


Body (if itbe heavier than Water) and there will remain the Weight 
required. As for Inſtance, 


A Cubick Inch of Lead = 57084010 ne bach OH 
A Cubick Inch of Water = 0,542742 Jon Troy, Ke. 

FTbeir Difference is, 5, 441208 the Weight of a Cubick 

Inch of Lead in the Water, Se. 5 
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Chap. 11. Of Extracting Roots, &. 123 


CHAP. XI. 


Evolution, or Extracting the Roots out of all Single 
Powers; Y one Geometrical Method, 


SHOT. 1. 


Wen is the Unravelling, or as it were the Unfolding and 
Reſolving any propoſed Power or Number, into the "ame 
Parts of which it was compoſed, or ſuppoſed to be made up. Now 
in order to perform that, it will be convenient to conſider how 
thoſe Powers are compoſed, &c. 
A Square Number is that which is equally equal 5 or which is 
contained under two equal Numbers. Euclid. 7. Def. 18. Thus 
the Square Number 4 is compoſed of the two / equal Numbers 2 
and 2, viz. 2X2=4. Or the Square Number 9 is compoſed of 
the two equal Numbers 3 and 3, viz. 3 * 3=9: according to 
 Euchd, That is, if any Number be multiplied into itſelf; 3 that 
Product is called a Square Number. 
A Cube is that Number, which is equally equally _ or 
which is contained under three equal Numbers. Eu. 7. wx Be 
Thus the Cube Number 8 is compoſed of the three qual um- 
bers 2 and 2 and 2, viz. 2 * 2x2 8, Cc. That is, if any 
Number be multiplied into itſelf, and that Product be multiplied 
with the ſame Number; the ſecond Product i is called a Cube 
Number. 
| Theſe two, viz. the 1 and Cube Numbers, borrow their 
Names from Geometrical Extenſions or Figures; as from the 
three Signal Quantities mentioned in page 2. That is, a Root is 
repreſented by a Line or Side, having but one Dimenſion, v:z. 
that of Lengrh only. The Square i is a Plane or Figure of two 
Dimenſions, having equal Length and Breadth. The Cube i is a 
Solid Body eie Dimentions; ; having equal Length, Breadth, 
and Thicknels: : But beyond theſe three, Nature proceeds not, 
as to Local Extenſion, That is, the Nature of Place or Space, 
admits no Room for other Ways of Extenſion, than Length, 
Breadth, and Thickneſs. Neither is it poſſible to form, or com- 
Poſe any Figure or Body beyond that of a Solid. 
And therefore all the ſuperior Powers above the Cube or cite: 
| Power ; ; as the Biguadrat or fourth Power, the Surfeiid or fiith 
Power, &c. are beſt explained and under{iood by a Rank or Series 
of Numbers in Geemeirical Proportion. For Inſtance : Suppoſe 
any Rank of Geometrical Propertionats, whoſe firſt T ay: and 


Ratio are the fame; and to them let there be aligned a Series 
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8 Arithmetick. Fart 1: C 
of Numbers in Arithmetical Progr fon, beginning with an Unit or 
1, whoſe common Difference is alſo 1, as in page 79. th 
" hes, FED „ a 7 Indices. 5 E 
2 4. 8 . 16 . 32 . 64 . 129 Ec. in > © 
Then are thoſe Numbers in produced by a continued Mul- ON 
tiplication of the firſt Term or Root into itſelf ; and thoſe in Q 
Arithmetical Progreſſion or Indites, do ſhew what Degree or Power 8 
each Term in the Geometrical Proportion is of. For Example; In fir 
this Series of 2 is both the firſt Term or Root, and common pe 
| Ratio of the Series. Then 2 x 2 = 4 the ſecond Term or Square; de 
it and. 2 * 2 X 2=8, or4 x 2=8, the Cube or third Term; 2x 2X 2 oi 
| * 2 2 16, or 8x 2 16, the fourth Term or Biquadrat. And ſo B 
. on for the reſt, JJ 8 Fr 
| Note, This ts called Involution, viz. hen any Number 15 we 
i drawn into itſelf, and afterwards into that Product, &c. it is ſaid | 3 
i to be ſo often involved into ſelf; and the Judices are the Exponents H 
| of their reſpective Powers fo involved, . | R 
4 And according to theſe Involutions, is formed the following k 
i Table of Powers; wherein the Root is only one ſingle Figure. of 
| 4-61 418-4 {3 | * z 13 
| 3 HH 2 Q | m 
| e Ann G4 th 
| 1416142 82 4 D w I g 
I} 85 1 DSM ( 
JC ITT EST SES 3 
. 8 2 | Hs 2 1 . 2 S 
S 9:1 3: | Fs 5 1-08 Q% 88 
| 8 8 2 2Y 5 D | LY 22 Bhs » % 
TC 8 
| = S3 — E 
„55 Trades, | Index | Index. Index. Inde. Index. LU Torn +} 
nennen 
. EF EI ur rub. I 
el N e 32 64 128 256 ee 
n er 19683 
4_ 16 Ks 25 "1024 4096] © 16384 565536 262144 
5 25 125 | 625 31250 15625] 78125| 390625 195312 5 
"7 36 | 216 | 1299 | 7776] 46656 2799 26 1679616 10077598 
7 U e ee; 
ee eee ee 7 
'9 | 8r 729 | 6561 | 590491531441] 4782969436721 "mc 4 
This Table plainly ſhews (by Inſpection) any Power (under the in 
Tenthb) of all the nine Figures; and from thence may be taken the F 
| neareſt Root of any Square, Cube, Biquadrat, &c, of any Num- | th 
ber whoſe Root or Side is a ſingle Figure. —— — W 


But 
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Chap. 11, Of Extracting Roots, &c. 


But if the Root conſiſts of two, three, or more Places of F igures, | 


then jt muſt be found by piece-meal, or Figute after Figure, at 
ſeveral Operations, : | ; 
The Extraction of all Roots, above the Square (viz. of the 
Cube, Biquadrat, Surſolid, c.) hath heretofore been a very tedi- 
ous and troubleſome Piece of Work: All which is now very much 
ſhortened, and rendered eaſy, as will appear further on. 925 
When any Number is propoſed to have it's Root extracted, the 
firſt Work is to prepare it by Points ſet over (or under) their pro- 
per Figures; according as the given Power, whoſe Root is ſought, 


doth require; and that is done by conſidering the Index of the 
given Power, which for the Square is 2, for the Cube 3, for the 


Biquadrat is 4, Cc. (as in the precedent Table) Then allow ſo 


many Places of Figures in the given Power, for each ſingle Fi- 


gue of the Root, as it's Index denotes; always beginning thoſe 
Points over the Place of Unity, and aſcend towards the Left- 


Hand if the given Number be Integers, and deſcend towards the 


Right-Hand in Decimal Parts. As in theſe following. 
Suppoſe any given Number; as 75640387246, which J ſhall all 
along hereafter call the Reſolvend, 


this Manner, „ „ 
S Square Root Thus 75640387246 


„„ Bow 34672 
r 5 


Biquadrat Root 7 5640387 246 


Co, lidRot 5640387246 
Qr ſuppoſe the Number to be 0,674035982 


Square Ran Thys 06740359820 


Then for the J Cube Root 0,67403598 2 
Biquadrat Root 0,67403 5982000 


Now the Reaſon of pointing the given Reſolvend in this man- 
ner; viz. the allowing two Figures in the Square; three Ngures 
in the Cube, and four Figures in the Biquadrat, &c. for one 
Figure in the Root, may be made evident ſeveral Ways; but 1 
think it is eaſily conceived from the Table of ſingle Powers, 
wherein you may obſerve that all the Powers of the Figure 9 

1 „ (which 


Then if it be required to extract any of the flowing Roots, it 
muſt be pointed (according to the forementioned Conſideration) in 
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(which is but a fone l Fi ure) have the ſame Number of Places o of 
Figures, as the Ri of thoſe Powers denotes: Therefore ſo 


many Places of Figures muſt be taken or aſſigned for every ſingle 
Figure in the Root. Conſequently by theſe Points is known how 
many Places of Figures there will be in the Root, viz. So many 


Points as there are, fo many Figures there muſt be in the Root; 


and whether they muſt be Integers or Decimal Parts, is eaſily 


We x me G ee Places of the Points. 


9 — 3 — et 
Sect. 2. T Extract the Square Root, 


N D firſt de to extra the Square Root, according to the 
- common Method. 
-. Haring pointed the given Reſolvend into Periods of two Fi jgures 
as before directed; then by the Table of Powers (or otherwiſe) find 
the greateſt Square that is contained in the firſt Period towards the 


Left-Hand (ſetting down it's Root, like a Quotient Figure in Di- 
viſion) and ſubtract that Square out of the ſaid Period of the Re- 
ſolvend: To the Remainder bring down the next Period of Fi- 
gures, for a Dividend, and double the Root of the firſt Square for 
2 Diviſor; enquiring how oft it may be had in that Dividend, ſo 


as when the Quotient Figure is annexed to the Diviſor, and that 


increaſed Diviſor multiplied with the ſame Quotient Figure, the 
Product may be the greateſt Number that can be taken out of that 
Dividend; which ſubtract from the ſaid Dividend, and to the 


eee bring down the next Period of Figures, for another 


new Dividend: Then ſee how often the laſt increaſed Diviſor, 
can be had ir the new Dividend (with the ſame Caution as before, 


viz.) ſo as that the Quotient Figure, being annexed to the Diviſor, 
and that-increaſed. Diviſor multipl; ed with the ſame Quotient Fi- 
gure, their Product may be the greateſt Number that can be ſub- 


_ tracted from the new Dividend. (As before.) And ſo proceed on 
from Period to Period (viz. from Point to Point) 1 in che very ſame 
Manner, until all be finiſned. 
An Example or two being well obſerved veal render the Work 
of forming the new Diviſors, Sc. more plain and caſy than can 


be i in a Multitude of Words. 


 iExenple 1. Lat it be required to extract the qu are Root out 


of 572199960 721. This Reſolvend being prep :rcd or pointed as 
before directed, will ſtand 


Thus, 


81 


Chap. 11. Of * Extracting Roots, kw Ih 


Thus, 572199960721 (756439 the Root. 
42 — equal the greateſt ah in 57. 
1. Diviſor 145) 821 
— 5 725=145X5 
2. Diviſor 1506) 9699 
8 8 6 9036 = 1506 x 6 


3. Diviſor 1 5124) 66396 
1 4 60400 = 15124 X 4 
4. Diviſor 151283) 5900 
V— WE... a 151383 * 3 
5. Diviſor | 1512869) | 13615821 
1 13615821 =1512869 x 9 
Proof 756439 X 750439 = 572199960721 the Reſolvend. 
Example 17 What | is the Square Root of 18 50701,76402 "Tz 


Operation 1850701 1764025 (1 360, 405 


. 
_ : 
266) 1607 ee 1360, 405 i is the 
6 1506 Root required. 


17204) 1101,76 
„ 1088 16 
1720805) 13604025 
3 604025 


(0) 


Er. 3. What i is the RE] Root of 0,06c7622 5 Decimal Parts? 4 


Operation 0,0607622 5 (0,2465 the Root required. 
04 — = 5 X 22 1 


4 176 0,2466 x NE WH. = 
| Proof 
Reſolvend. 


4925) 24625 
„ © 24025 | 
| (0) What 


0,06076225 the 
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What is here done in whole Numbers, mixed Numbers, and 
Decimals, may alſo be done in Vulgar Fractions: if you firſt 
change the given Fraction into Decimals. (As in Se#. 5. p. 68.) 
Example 4. Let it be required to extract the Square Root of 
JJ. G0 -  -- 5 | LE ok” 
Then o, 64 (,8 the Root required. 

| + TOE 


| (0) 3 
In theſe four Examples the Reſolvend hath been a perfect Square; 
and therefore the Root hath been extracted without leaving any 
Remainder: But it very often happens that the Reſolvend is not 
a true Figurate Number, according to the propoſed Power. That 
is, it is not a perfect Square, Cube, Biquadrat, Cc. and then 
ſomething will remain after the Extraction hath been made 
throughout all the Points. Such Numbers are called Surd Num- 
bers, and their Roots can never be truly found, but will become 
a continued Series, ad infinitum : If to the Remainder there be ſtill 
annexed Cyphers according as the propoſed Power requires, viz. 
by two's in the Square, three's in the Cube, four's in the Biqua- 
drat, &c. And the Operations continued on as before. 
Example 5. Suppoſe it were required to extract the Square 
Root of 6968, % „ ng 
Operation 6968 (83,4745, Cc. 


ö 
163) 568 
1 
1664 79,00 
f 70 66 56 a 
16687) 124400 
. 11 6809 
166944) 75910 
1 
1609485) 9132400 
3 * 8347425 
1069490) 784975, &c. 


Ihen the Root of any Surd Number may be continued on t 
what Exactneſs you pleaſe, but cannot be truly found, | 
In my Compendium of Algebra, Chap. 9. I have propoſed 

another way of extracting the Square Root, and there given 

Examples of the Work ; which to avoid Prolixity is thus; 

Having 


— 1 a N * 
* — ** FR ** — 8 — 
_ vw * 


Chap. . Of Extratting Roots, &c. 


i a 


| 129 


Having pointed the given Reſolvend, and taken the greateſt 


Square to the fuſt Point from it, as before; then divide the 
Remainder of the whole Reſolvend by 2 (that is, halve it) and 
point it a- new. (This I call a new Dividend.) then make the 


Root of the firſt Square a Diviſor, inquiring how oft it may be 


found in the new Dividend to the next Figure forward, reſervin 


that Figure under the next Point for the half Square of the Quo- 


tient Figure. Which being found, multiply the Diviſor with it, 
adding to that Product the Tens of the half Square if there be any, 
as in plain Diviſion. Then annex the Quotient Figure to the 
laſt Diviſor for a new Diviſor, with which proceed in all Re- 
ſpects as with the laſt Diviſor; and ſo on until all be finiſned. 
Example 6. What is the Square Root of 2990667969 ? 


Operation 2990667999 «| 
— — ay ( The firſt ſingle Root. 


2) 490667969 The Remainder to be divided by 2. 


Firſt Root 5) 2453339845 (54687 


+ 4 208 = 56 x 4: +; the Square of 4, viz. '5 = 8. 


Diviſor 54) 3733 3 TORR 

+ 6 3258 = 54 x6: ＋ 2 the Square of 6. 
Divifor 546) 4759 „ 1 
| + 8 43712= 546 x8: +£ the Square of 8. 


Diviſor 5468) 382784,5 


Hence the Root is found to be 54687, as was required. 


All the Difficulty in this Method is only.the true placing of the 


| Half Square of the Quotient Figure, when it happens to be an odd 


' Number: In that Caſe you muſt bring down one Figure more of 


the Dividend; viz. of the next Period; under which, pl-ce the 


| odd 5 that will always ariſe from the half Square of an odd Num- 
ber: As 7 whoſe Square is 49; the Half of which is 24,5 to be 
placed as in the laſt Operation of this Example. L | 
N. B. I ben the Number of Figures in the Root of any Surd 
Number are limited; you need not proceed in extradting the whole 
Root as before; but only to one Figure more than half the deſigned 
Number of Figures; for the reſt may be obtained by plain Diviſion 
only. * ED 8 | 195 = 
CD : Example 


＋ „ 7 39278455 5468 x 7 : A 1 the Square of 7, | 
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Erampli 7. Suppoſe i it were required to extract the Square Root | 
of 7 (a Surd Numper) to have 12 Places of Fi igures in it. 


7 62.5645 51 Firſt part of the Root, 


Remainder op | 
3 1 1. 50 = Half the Remainder. 
GS * 1,38 2 * 6; #4 ee a | 
©. AB. 1995; 
. + 04 1048 5 
ie  - 152000 
DENY. - © TINAvS 
2,645) 1987500 
＋ 40007. ; 1851745 | 
2, 6457) 13575500 
+ 00008 4 
2564575) 3468750 
+ , oõjẽ“ e — 21 
ee, ieee, 


Having thus got 7 of che 12 Figures required i in the Root ; the 
reſt may be eaſily found by the contracted Way of Diviſion prq= 
pee in page 68. 


Thus 2.6459 51) 8229995 2,64 575131 106 
9 22222 i | 
— WESISLYI 
264575] 
28107 
26457 
1710 
1697 ; 
3} 
Hence I find the Root of 7 to be 2 640 575731 106, as 5 ay Fes 


wired. 


Thus you have two ways of extracting the Square R t, either 
of which may be practiſed as elo one Tres ek beſt, * 
dect, 


-. ˖ p » "= * — * — 
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Sect. 3. To Extract be Cube Root. 155 


13 HE Method I ſhall here propoſe for extracting the Cube Root 

admits of two Caſes; both which are to be very well obſerved. 
_ Having pointed the given Reſolvend, (as before directed) viz. in- 
to Periods of three Figures; then ſeek a Cube Number by the Table 
of Powers (or otherwiſe) that comes neareſt to the firſt Period of 
the Reſolvend, whether it be greater or leſs than that Period. 


Caſe 1. If the Cube Number ſo taken, be leſs than the firſt 
Period of the Reſolvend, call it's Root Leſs than J uſt : And ſub- 
tract that Cube from the firſt Period of the Refolvend. _ 


Caſe 2. But if that Cube be greater than the firſt Period of the 
Reſolvend, call it's Root Moe than Jult : And ſubtract the Re- 
ſolvend from that Cube, — Cyphers to it, that ſo Subtrac- 
tion may be made. 

To the firſt Root, whether it be leſs or more than Juſt, annex ſo 
many Cyphers as there are remaining Points over the whole Num- 
bers of the Reſolvend, and multiply it with 3: Then making that 
Product a Diviſor, by which you muſt divide the Difference be- 
tween the Reſolvend and the aforeſaid Cube; that Quotient will be 
the Reſolvend depreſſed to a Square, and therefore muſt be pointed 
as ſuch, viz. into Periods of two Figures each. That being done, 
make the firſt Root (without thoſe Cyphers that were annexed to it) 
a Diviſor, enquiring how oft it may be found in the firſt Period of 
the new Reſolvend (as before in extracting the Square Root) with 
_ this Conſideration, that if the Root (now a Diviſor) be leſs than 
Juſt, as in Caſe 1. you muſt annex the Quotient Figure to it, and 
then multiply the Root fo increaſed, into the ſaid Quotient Figure; 
ſetting down the Unit's Place of their product under the pointed 
Figure of that Period, ſubtracting it, as in Diviſion. And ſo on 
from one Period to . as before. | | 
But if the ſaid Root (now a Diviſor) be more than juſt, as in 
Caſe 2. then you muſt ſubtract the Quotient Figure from a Cy- 
pher annexed, or ſuppoſed to be annexed, to the ſaid Diviſor; 
multiplying the Root ſo decreaſed into the Quotient Figure; mec 
down their Product as before, &c. An Example or two in eac 
Cafe will render the Work plain and eaſy... . * 


Note, Each Quotient Figure ought aa 70 be twice added to the 
Diviſor, if the Tabular Cube was taken leſs than juſt, or twice ſub - 
tracted from it, if greater; viz. once before you multiply by it, and 
once with the next Quotient Figure: as will be ſhewn in the following. 
Examples; which are therefore more exact and conciſe than as dens 
by the Author in the former Editions of bis Work, 

S 2 Eranple 
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Ex. 1. What is the Cube Rootof 146363183 the given Reſolvend, 
to be 1 thus 1 4636 3 183 (the firſt Root, leſs than . 


- 6... MM 


125 = the neareſt Cube to 146 


JORTS1 500) 21 363183 ( ( 14242512 new Reſolvend. 
Firſt Root 5 _ 


+ -*, 
1 Diviſor 52) 14242,12 (527 the Root t required. 
1 ＋ 27 104 | 
2 2 Diviſor 547) 3842 


23820 
13 the Remainder to be rejected. 
Here the Root 527 is the true Root at the firſt Operation, as 


may be eaſily tried by involving it. 
That is 527 X 527 x 527 = 146363183 the given Reſolvend; 
| But if it had not been the true Root, then every thing that hath 
been here done muſt have been repeated; only inſtead of the firſt 
fingle Root (vz. 5) you muſt have taken the increaſed Root (viz. 
527) and this I call a ſecond Operation; 3 which would increaſe the 
laſt Root to nine Places of Figures; viz. every Operation triples 
the Number of Places in the laſt Root; as will appear further on. 


N. B. It often happens that four, froe, and ſometimes more Places 


of Figures may be taken into the Root: eſpecially when the ſecond Place = 
proves to be a Cypher. That is, when the firſt Cube comes very near 
ta the firſt. Period of the Reſolvend. 


EX AMPL E A; 
What i is the Cube Root of 67 $07824239 (4000 Root leſs than 
Fs᷑irſt neareſt Cube = „ 


Root 4000 X 3 —= 12000 ) 8 (292318,68 
Firſt Root 4 5 e 7 


—_—_ 
I Divifor 407 7 ) 292318, 68 1 
＋ 071. 2849 _ 


2 Diviſor 4141) 7418 
+ 17 4141 
3 Diviſor 41427 ) 3277,08 
79 2899872 


4 Diviſcr 4 4143-49) 377,79, &c. 


In this Example I have taken fix Figures into the Root, be- 


cauſe the ſccond Place 1 to be a Cypher, And in theſe Fas 
e 


4 1 : 8 N Bo 2 be ' * * 
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3 


the Exceſs is not an Unit in the laſt Place; for if there were 
made a ſecond Operation, the Root would be 407 78, c. as 
may be eaſily tried. 


EXAMPLE * 


Let it be required to extract the Cube Root out of this Number; 5 
The neareſt Cube to 976 is 1000 whoſe Root is 10 more than juſt, 
Viz. 97637960298907 3960279630298890 
it's ; Cube IT 0000000000000000000000CO000000 
— 9763796029890) 3960279630298890 the Reſolvend. 


Remains 2 36203970109260 39720369701 110 


The firſt Root 10000000000 x 3 = 30000800000 the Diviſor. 


Then 30000000000) dong e (78734 
1507030007990 for a new * 5 | 


Iſt Root 1 10 


——_ ß . (79900000000 = 1ſt Root. 


| 1 993) 7873465670 30867990l 0079 0079364, &c. ſubtract. 
— — 9 Remains 9920636000 the Root 
Di true to the ſixth Figure, and on- 

a 5 15 $2 | ly too little by an Unit at the 

1b 13 ſeventh, at the firſt Operation. 


— 36 295251 


4 Div. 984134) 6350570 
— 64 50048 


5 Div. 841276) 44576630 
__ 


For a ſecond Operation (if you require no more than ten Places of 
Figures true in the Root) you need only aſſume 9920000000 3 which 
being leſs than juſt, proceed With as follows. 


From the given Reſolvend = 9763796029890 39602796 30298890 
dub. the Cube of 9920000000 97619 1 488000000000000000000000 


Remainder, __ 18811498907396, &c. 9 


Then 3992 &c. 22976 &c.) 188 IT 498907 396 Ke. (6321068181 &. 
lor a new Reſolvend. 


99200 


— - A. 4 2 1 8 * 39 


—— 2 — — 
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99200 

+ 6 


ON 


„ (agree the Root aſſumed 
99206) Cr” . 63716355 add 
+ 63 505236 


3 9920637 163 5 the Root true to 

992123) 3687081 the tenth Figure, and only too 

E13 2970360 much by an Unit in the 
- Eleventh, | 


9921267 ) 1071281 
3 c. 69448860 


9921270 ) 1622412 # Here the Additiotis of the . Quo 
4” 992127 tient Figure being of no Conſe- 
| 535285 quence, therefore the Diviſion 


5278 is carried on from hence, as in 
. ee page 68, 


NC. | 
In the fame manner the tk Roots of kei Parts; ; of of 
Vulgar F ractions, being firſt Ps into Decimals, may be ex- 


5 tactics. 


— 


. - — — 4 AS. 3 e 4 
„ 5 . * X 1 7 < b 7 . *, ＋ ——— .. <a 
f 1 * 1 * * 2 | 


Sect. 4. To Extract the Biquadtat Root. 


I N extraQting the Biquadrat Root, or that of the Fourth Power; 
(and indeed the Roots of all even Powers) there are ſome ſmall 
Difficulties, not ſo eaſily expreſſed and explained in a few Words, 
as they are by an Algebraic Theorem (ſuch as ſhall be ſhewed fur- 
ther on) I have therefore in this Place made Choice of extracting 
ſuch Roots oT two ſeveral Extractions; and the rather, Wich! 
preſume the Reader by this Time thoroughly acquainted with the 
Buſineſs of e the Square Root, by which this may eaſily 
be performed. Thus: 
Firſt, Extract the Square Root of the propoſed Reſolvend, 


then the Square Root of that firſt Root will be che Biquadrat 
Root required; | 5 


Exile 1. What is the aha of 4857532416? 
| Thus 


Fi irſt extract it's Square Ron 


—  ———_— ——_— 
e 11. Or — Bed We, * 133 


* 1 


4 * 1 A 
The 36 the greateſt Square, whoſe Root is 6, 


12 2575 5 324101 Remainder to be divided by * 
Firſ Root 6) 626766208 (69696 


+ 2 3805 
69 "1826. 
+6. 4158 - 
79 568620 


(0 
being the firſt "4 whe 8 uare Root. 
Then 5850 jp malt now be extracted d. 1 
5 
29690 8 to be divided by 2. 
Firſt Root 4 14548 (264 the Biquadrat Root AS Was required 
+4 6 


Zo 
26): "1048. 
+ 4 1048 
d 


T his is ſo eaſy I need not inſert any more Examples. 


© "Set. 5, To Extract be Surſklid Rant. 
H AVING pointed the given Reſolvend according as it's Index 

denotes; viz. into Periods of five Figures; ſeeking ſuch a 
Surſolid Number in the Table of Powers (or otherwiſe) as comes 


the neareſt to the firſt Period of the Reſolvend, whether greater or 


leſs ; and call it's reſpective Root accordingly; viz. more than Juſt; 
or leſs than Juſt ; annexing ſo many Cyphers to it, as there are re- 


maining Periods. of whole Numbers in the Reſolvend; as before in 


extracting the Cube Root : Then find the Difference between the 
Reſolvend, and the Surſolid Number ſo taken, by ſubtracting the 
les from the greater (as before in the Cube). Next find the 
Cube of the aforeſaid Surſolid Root with it's annexed Cyphers, . 
(which you may alſo do by the Table of Powers) and multiply 
that Cube with 5 the Index of the Surſolid, the Product muſt be 
a Diviſor, by which the Difference between the Reſolvend and 


the Surſolid Number muſt be divided; chat ſo it may be n 
4 0 


> — 4 >* 
— — 


7... 8 Pan l. 


to a Square (as before in the Cube) which muſt be pointed into 
Periods of two Figures each, calling it the new Reſolvend (as 
before). Then make the firſt Root, without it's Cyphers, a 

Diviſor, enquiring how oft it may be found in the firſt Period of 


the new Reſolvend, with this Conſideration, if the Root (now a 


Diviſor) be leſs than Juſt, you muſt annex twice the Quotient Fi- 
gure to it; but if it be more than Juſt, you muit ſubtract twice 


the Quotient Figure from a Cypher either annexed, or ſuppofed 
| to be annexed to that Diviſor or Root, multiplying it ſo increaſed 
or diminiſhed, with the ſaid Quotient Figure, ſetting down their 


Product, &c. as before. An Example | in each Cafe will render i it 
plain and eaſy. 


Example 1. 88 it be required to extract the Surfolid Root 


out of this Number At eee 


12309 5020093) 5 the Reſolvend lo, | 
The neareſt Surſolid Number to 1230, the firſt Period of the 


Reſolvend, is 1024, whoſe Root i is 4 being leſs than Juſt. 


Therefore 12 309 502009 37 5 
— 1024 


1 


206950200987 6 tele Difference, 
Next the Cube of 400 is 64000000 per Table, Sc. And 
64000000 x 5 = 320000000 the Diviſor. 


Ihen 320000000) 200950200937 5 (0497 Sc. 


Firſt Root 400 
＋ 2X10 = + 20 


— „„ Ty 7 OY 400 


1 Divior 420) 6467\+ 1 


+20+2x5—+39 42 
„ 2267 
17 the e to be rejected. 


That is 41 5 15 the Surſolid Root of the given Reſolvend, 
As may be eaſily tried by involving it to the fifth Power. Viz. 


415 X 415 Xx 415 * 415 * 475 = 1230950209375 the given * 1 
ſolvend. 


Note, Here again the Double Quotient Figure ought to be twice 
added or ſubtrafted, in the ſame Manner as the ſingle one was di- 
refed for the Cube Root, page 1 31, and the Operation for the Sur- 


ſolid Root in theſe two Examples is performed accordingly : con ary 


10 what was peretofore done by the Author. 


E aample | 


— ah. » 5 
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Example 2. What i is the Surſolid Root of 23278345 5987 zi ? 
The neareſt Surſolid Number to 232 is 243 whole — is 3 


being mote than juſt. | 
Therefore 2430000000000 


— 2327834559873 
Remains 102165440127 for a Dividend. 


The Cube of 300 is 27000000 and 27000000 * g=135000000 85 


Then 1 35000000) 102 16 54401 27 (7 * 10 new Reſolvend. 


Firſt Root 300 
— 2X2 =— 4 


— 


1 Diviſor 296) 756, WY: 


—4——2X0, === 5,0... 592 : © 297,434 * he Root only 


2 Diviſor 291,0) 164,78 too little by 2 in the 
—I—=2X0,00=—1,12 12 145,50 loweſt Faure. 


3 Diviſor 289,88) 19,2810 
, 
No the Reaſon why this Root comes out to * many Places 
of Figures at the firſt Operation, is becauſe the firſt Surſolid 
Number was ſon near the Reſolvend, Sc. As veſore. 


Sect. 6. = 7; Extract the | Koot of the 
Square cubed. 


T HI 8 may be eaſily performed by two Extractions, according 
| as it's Name denotes. Thus, firſt extract the Square Root 
of the given Reſolvend; then extract the Cube Root of that Square 
Root, and it will be the Root required: That is, it will be the 
Root of the ſixth Power. Or thus, firſt extract the Cube Root 
of the Reſolvend; then extract the Cube Root of that Cube Root, 
and it will be the Root required. 


EXAMPLE 1. 


Let i it be required to extract the Square cubed Root out of this 
Number 145220537353515625 the Reſolvend. 

Firſt I extract the Square Root of this Reſolvend, which 1 
take to be the beſt and eaſieſt W 


Thus | 


—— —— + = cage reins 2 es er — 


% OTE. 


145220537353515625 
1 


. 


Remains | 55220537 353515625 to be halved. 


Then 3) 276102686767 578125 (381978125 
EE ONES 
| 38) 4102 
1 


23810) 2976867 
58 $5; 2607245 . 
38107) 3096226 
+ 8 3048592 


3381078) 47634757 
1 


1 38107805 
3810781) 95260 528 „ 
4 76215622 5 


Rb I2) 1905 300612, 
. 2995399915 
381 578725 125 (o) 
Having found the Square Root of the given Reſolvend, I pra- 


eyed to extract the Cube Root of that 8 88. Root. 


That i is, of 38 107812 5 
e 343 =the neareſt the Cube, it $ Rootis 700. | 


Then 700 X3= 2 62079125 18161 
Firſt Root 7 7 ; 
+ 2 


— 


„ 
x Diviſor 72.) 18161 \+25 


42 25 144 725 
2 Diviſor 745) 3761 
| l 


8 
Hence I find 725 to be the Square cubed R ot required ; 
4 eaſily be tried by involving it to the ſixth "Bs 7 That 5 
* 725X725X 725X 725 X72 will be f d= 2082 
735 351 392 5 the given Reſolvend. 7? Ir DAT OM 
Sect. 


—_—_——_ Pay *» n—_ hr 
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Sect. 7. To Extract be Root of be ſeventh Power. 
H ving pointed the given Reſolyend, as it's Index denotes, v:z. 
into Periods of ſeven Figures, ſeek out ſuch a Number of the 
ſeventh Power, by the Table of Powers, as comes neareſt to the firſt 
Period of the Reſolvend; whether it be greater or leſs, calling it's 

reſpective Root more than Juſt, or leſs than Juſt, annexing it's 


proper Number of Cyphers,  &c. as in the Cube and Surſolid. 


Then find the Difference between the given Reſolvend, and 
that Number of the ſeventh Power (found by the Table of Powers) 


by ſubtraQing the leſs from the greater. 


Next find the Surſolid or fifth Power of that Root with it's an- 
nexed Cyphers (which you may alſo do by the Table of Powers) 
and multiply that Surſolid Number with 7, the Index of the given 
Reſolvend ; that Product muſt be a Diviſor, by which the foreſaid 


Difference muſt be divided, that ſo it may be depreſſed to a Square, 
to be pointed, &c. as before in the Cube, c. then make the firſt 
Root, without it's Cyphers, a Diviſor; working with it and the 


new Reſolvend (as before) only here you muſt increaſe, or di- 


miniſh the Diviſor with thrice the Quotient Figure *, 


Example. What is the ſecond Surſolid Root, or that of the 


| ſeventh Power, 


of 382986552955078125 the Reſolvend pointed. 
2187 the neareſt of the ſeventh Power. 


16428655395507812 5 their Difference. 


The firſt Root is 300 being leſs than Juſt, and the fifth 8 


Power of 300 is 2430000000000, which being multiplied with 7 
is 15010000000000 for a Diviſor, by which the aforeſaid Dif- 
ference muſt be divided; which contracted may ſtand thus, 
1701) 16428655 (9658,23 &c. . 
Firſt Root 300 „ 
＋3* 20 2 + 60 


ah 200 
x Diviſor.. 266) 9658 \+25_ 


bo + 3X05=+ 75 72_, 375 he true Root required. 
2 Diviſor 435 n e 


5 2175 | 3 (before. 


dats, 


—__ 


+» That is, by twice adding or ſubtracting the triple Quotient Figure, as was done 

with the double Quotient Figure of the Root of the fifth Power, page 136; and the 

ſingle Quotient Figure for the Cube Root, 77 131. | 
| 2 


Hence 


283 the Remainder to be rejected, as 


140 3 " Arithmetick. FO Fart l. 


Hence E have found 325 to be the true Root required, that i s, 
the true Root of the ſevent Power. 

I think it needleſs to proceed farther z viz. to inſert Examples 
of higher Powers. For if what is already done be well underſtood, 


it will be eafy to conceive how to proceed in extraQing the Root 


of any fingle Power how high ſoever it be (for the Method is 
general and alike in all Powers) due Regard being had to their In- 
dices ; and ta the firſt ſingle Side or Root. INS] is, whether it 


be More, or Leſs than Juſt, &;. 


"Wet methinks I hear the youn Learner fay, it is paſſible to 
follow the Directions and Examples, as they are here Jaid down 
but {till here is not the Reaſon why they are ſo, and fo, perform- 


ed; and why there ſhould he a Remainder left after the Root is 
faund ; vi. when the given Reſolvend bath a true Root of its 


Kind, 

Tt i is true, the ſatis of theſe are not here laid down; neither 
indeed ein they be rendered ſo plain and intelligible by Words, as 
by an Algebraick Proceſs, from whence the Theorems or Rules 
here given, had their firſt Invention; as ſhall be ſhewed in the 
next Part, when I come to treat of reſolving compounded or ad- 


fected Equations ; however, take this ſhort and general Account 


of this Method. | 
This, and all other of the 1 new Methods of Converging Series 


(as they are called) are very different from the former (and ſtill 


common) Methods of extrading Roots, which require the firſt 
ſingle Side or Root of the firſt Periad (in any Reſolvend) to be 
taken exactly true, and then by involving, and cther tediaus 
Ways of ordering it, there is formed a Diviſor; which belps to 


gtope out by rials a ſecand Figure | in the Root. And fo proceed 
on from Point to Point; {till repeating the whole Work for every 


fingle Figure that comes into the Root. And if by Chance there 


be a Miſtake or Error committed in any one Figure (as it is poſ- 
ſible there may) it fpoils the whole Proceſs, which muſt then be 


wholly begun anew, or at leaſt from that Part of it where the 


_ Error firſt entered. 


But the Nature and Pefien of the Method which I have here 
laid down is quite otherwiſe; ; It being ſo contrived, as to gradually 
leflen the Difference betwixt any propoſed Power, andethe like 
Power of another Number aſſumed; v2z. it leſſens that Difference 
until it is either quite vaniſhed, or becomes ſo infinitely. ſmall 


as to be infignifcant. 


Therefore when any Number is WIPE to have it's Root ex- 
tracted ; it is here required to. take the next neareſt Root of the 


firſt Period in the Reſolvend; that ſo the Difference betwixt the 
given 


z 
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given Reſolvend, and the Homogeneal Power (viz. the like 
Power) of the Root thus taken, may be leſs either in Excefs, or 
Defect. Which Difference being reduced, or depreſfed lower, 
becomes ſo prepared, that by plain Diviſion (comparatively) there 
will ariſe ſuch Quotient Figures as will both correct and increaſe 
the firſt Root to three Places of Figures at leaſt, ſometimes to four, 
or five Places of Figures; according as the ſaid firſt Difference 
happens to be more or leſs (of which you may have obſerved In- 
ſtances): But yet there will be a Remainder left, and perhaps an 
Exceſs or Defect in the Root ſo increaſed, viz. in the laſt Figure 
of it. F . 3 
Nov to rectify the ſaid Exceſs or Defe& in the Root, and to 
diſcover whether the given Reſolvend be a true Figurate Number, 
or not: That is, whether it have a true Root of it's kind; it 
will be neceſſary to make a ſecond Operation; by taking the 
Root ſo increaſed, and proceeding with it and the given Reſolvend, 
in all reſpects as in the firſt Work (like to the third Example of 
extracting the Cube Root) ; I ſay, if the 3 Reſolvend have a 
true Root, it will appear at this ſecond Operation, and all the 
aforeſaid Differences, Cc. will be vaniſhed ; provided the Root 
required is not to have more than three (or four) Places of Fi- 
JJ „ 
But if the Root be to have more than three Figures in it; or, 
that the given Reſolvend prove to be a Surd Number; then there 
will be a Difference as before; which will afford Quotient Figures 
to rectify and increaſe the Root laſt taken, to three Times as 
many Places of Figures, as it had at the Beginning of that ſecond 
Operation. As you may ſee in the aforeſaid Example 3. of the 
Cube Root; wherein that Root is increaſed to twelve Places of 
Figures at two Operations; which if it were to be extracted the 
Old (and ſtill Common) way, it would require at leaſt forty times 
the Number of Figures I have here uſed. 
Again, if there chance to be a Miſtake committed in any 
Operation performed by the Method here laid down, that Miſtake 
will not deſtroy the precedent Work, but will be rectified in the 
next Operation, although it were not diſcovered before. And 
thus you may proceed on to a third Operation, which will afford 
27 Places of Figures in the Root, &c. with very little Trouble, 
if compared with former Methods. 1 
The brief Account, which I have here given (by May if Ex- 
plaining the Nature of this Method of extracting Roots) being well 
conſidered and compared with the ſeveral Operations of the fore- 
going Examples, muſt needs help the Learner to form ſuch an 


Idea of it, that he cannot (I preſume) but underſtand how to 
proceed. 
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proceed i in extracting the Root out of any ſingle Power, how high 7 
ſoever it be; without the Help of an Algebraick Theorem. Not, 
but when that comes to be once underſtood ; the Work will be 
much readier and eaſier performed: As will appear in the next 


| Part. 


I did intend to have here inſerted the whole Buſineſs of 1 


and Annuities; but finding that it would require too large a Diſ- 


courſe, to ſhew the Grounds and Reaſons of the ſeveral Theorems 


uſeful therein, I have therefore reſerved that Work for the Cloſe 


ol the next Part. Neither indeed can the raiſing of thoſe Theorems 
be fo well delivered in Words, as by an Mlgebraick Way of 


arguing ; which renders them not only much ſhorter, but "all 5 
plainer and eaſier to be underſtood. h 

I have alſo omitted that Rule in Arithmetich, uſually called the 
Rule of Poſition, or Rule of Falſe : Becauſe all ſuch Queſtions, as 
can be anſwered by that gueſſing Rule, are much better done by 
any one who hath but a very ſmall ſmattering of Algebra. I ſhall 
therefore conclude this Part of Numerical Arithmetick ; and proceed 
to that of Algebraick Arithmetick, wherein I would adviſe: the 
young Learner not to be too haſty i in paſling from one Rule to 


another, and then he will find it very eaſy to be attained. 


AN 


A N e 


\ 


TO THE 


——— 


he and ad 


PART 


- 5 25 


AVING formerly wrote a ſmall Tract of Algebra, per- 


haps it may ſeem (to ſome ) very improper to write again 


| to have referred my Reader to that Tract. However, be- 
e the following Parts of thts Treatiſe are managed by an Algebraick 


Method of arguing; which may fall into the Hands of thoſe who 


| have not ſeen that Tract, or any other of that Rind; I thought it 


convenient to accommodate the young Geometer with the firſt Elements, 
or Principal Rules, by which all Operations in this Art are perform- 


ed; that ſa he may not be at a Loſs as he proceeds farther on : Be- 


fides, what I formerly wrote was only a Compendium of that which 


i; here fully handled at large. 5 5. 

T be Principal Rules are Addition, Subtraction, Multi⸗ 
plication, Diviſion, Involution, and Evolution, as in 
common Arithmetick, but differently performed; and there- 
fore ſome call it Algebraick Arithmetick. Others call it 


Arithmetick in Specie, becauſe all the Quantities concerned 


in any Queſtion, remain in their ſubſtituted Letters (howſoever 
managed by Addition, Subtraction, or Multiplication, &c.) with- 
out being deſtroyed or changed into others, as Figures in, 


common Arihmetick are. 


Mr Zarrizt called it Logiftica Specioſa, or Specious 


Computation, | 


CHAP, 


Mathematicks. 


upon the ſame Subject; but only (as the Uſual Cuſtom is? 
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c HAP. 4. 


Concerning the Method / Noting dowr Quantities! 3 


and Tracing beir Steps, Sc. 
Sect. 1. Notation. 


＋ HE Method of noting down Letters for Quantities, is W | 


according to every one's Fancy; but I thall here follow the 


ſame as in my former Tract, and repreſent the Quantity ſought 
(be it Line or Number, Ge.) by the ſmall (a,) and if more 


Quantities than one are fought, by the other ſmall Vowels, 


6. A. Or Ye 


The given Quantides are repreſented by the ſmall Conſonants, 


A644 ic 


And for Diſtinction ſake, mark the Points or Ends of Lines 
in all Schemes, with the pin or * Letters, VIZ, A. B. 


C. D. Ec. 


When any Quantity (either given or r fought) 3 is ken more than 
once, you muſt prefix it's Number to it; as 3a ſtands for à taken 
three times, or three times a, and 75 ſtands for ſeven times ' *; « 

All Numbers thus prefixt to any Quantity, are called Coeffl- 


cients or Fellow - Factors; becauſe they multiply the Quantity ; 


and if any Quantity be without a Co-eſficient, it is always ſup- 
poſed or underſtood to have an Unit prefixed to it; as @ is 14, 


or b is 15, Se. 


The Signs s by which Quantities are chiefly managed, are the 
ſame, and have the ſame Signification, with thoſe in the firſt 
Part, page 5. which I here preſume the Reader to be very well 


acquainted with. To them muſt be here added theſe three more 5 


8 Involution. 
Viz. the Si zn of) Evolution, or extracting Roots. 
5 Irrationality, or Sign of a Surd Root. 


All Quantities that are expreſſed by Numbers only (as in Vul- 


; gar Arithmetick ) are called Abſolute Numbers. 


Thoſe Quantities that are repreſented by ſingle Letters, a, ; 


a. b. c. d. &c. or by ſeveral Letters that are immediately joined 


together; as ab. cd. or 7d, &c. are called Simple or Single whole 
Quantities. 
But when different Quantities repreſented by different or un: 


like Letters, are connected together by the Signs (-+ or —); 
4 +6, a—b, or ab — de, &c, they are called Compound "ole . 


Quantities 
— 4 e 
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And when Quantities are expreſſed or ſet down like Vulgar 


Fraftions, Thus g or ©, or <5, Kee, they e 


_— 
called Fractional or broken Quantities. 


The Sign wherewith Quantities are connedie]; always belongs 


to that Quantity which immediately follows it ; 180 therefore all 
the Quantities concerned in any Queſtion, may ſtand in any Order 
at Pleaſure, viz. the moſt convenient for the next Operation. 
A8a+b—4d may ſtand thus b—d +a, or thus 32 — 4 ＋ 6, 
or —d-þa+b &c. theſe being {till the ſame, tho' differently placed. 
That Quantity which hath no Sign before it (as generally the 


| leading Quantity hath not) is always underſtood to have the Sign + 


before it. As à is +a, or b—d is - d, &c. for the Sign + is 


the Affirmative Sign, and therefore all leading or Poſitive Quantities 


are underſtood to have it, as well as thoſe that are to be added. 
But the Sign — being the Negative Sign, or Sign of Defect, 

there is a Neceſſity of prefaxing it before that Quantity to which 
it ee wherever the — ſtands. 5 


Sect. 2. 07 a the * 4 in nigh 
1 Quantities 4% n Equation, | 


T H E Method of tracing the Steps, uſed in bringing! tha Quan- 


tities concerned in any Queſtion to an Equation, is beſt per- 


formed by regiſtring the ſeveral Operations with Figures and Signs 


placed in the Margin of the Work, according as the ſeveral Opera- 
tions require; being very uſeſul in long and tedious Operations. 
For Inftance: It it be required to ſet down, and N the 
Sam of the two Quantities, @ and 6, the Work will ſtand, 
Thus|iſJa Firſt ſet down the propoſed Quantities, @ nd b, 
_J2þ  over-againſft the Figures, I, 2, in the ſmall Con 


1 + al za +6 (the third Step) ſet down their Sum, viz. a ＋ 6. 


Then again{t that third Step, ſet down 1 ＋ 2 in the Margin; 


which denotes that the Quantities againſt the firſt and ſecond Steps 
are added together, and that thoſe in the third Step are their Sum. 


To illuftrate this in Numbers, ſuppoſe a =9g and b= 6. 
Then it will be, 


Thu'\1's | =; i 
P32 1 ; FRY the Sum of 9 and 6. 
; U 


lumn, (which are here called Steps) and againſt 3 


Again, 


— 


R 
(9.09 


© 
N b 2 
* þ ! 
15 1 
9 
3 * 7 
Si 1 
A 1 
Ti * TE 
| 13 
N ö x 
46 7 ; 
: AN 
| "247 
x 
" s * 1 
4 
0 # , 4 
by 
< * 
1 
Ly * 
N 0 
4 
\ f 
* op 
1 t 2 
; 1 
I. 
qi 
T1 , 
1 * 
} 
1 « 
BY + 
i'S 5 
3146 1 Hh 
0 * 
i 
m 1 J 
| 63 as S 
| -; 
1 * 
1 
? . 
* 4% 1 
+4 6, , i 
Web; 5.7 
: 1 
. 
! U 2 vil 
=_ 
bl 14 % * x 
4 N. 
> : T5 
_ 
i 1 D 
19 1 
1 
q 1 Ls 
$i. "YN 
&; 
: . 
r 
4 = 
q : r AM 
. 
AS 
* l 
x =o 3 
_; "*__ 
n . 

i x 1 
iT 15 ; 1 
5 , "Mb 11 
1 . 
is i. 

: 1 4 
” * xn 
: 1 
, 'Y 2 
1 
q : 4 
9 4 
7 ig. 
1 mY 
1 a F 
| g % 

Fs be 
r 
Lt WP 
7 N i 

* * 'T 1 
1 
1 WAS 
28 . 1 
'. 
7 = 
. 4 o 
a "T5 
3; 1 
5 2 
$49 Tz N 
9 * f 
4 x =_ 1 
„ 
5 Ry 
Tr WR 
+ 
* 2 
N x Q, 
I” 7 = 
: 238 
Ez .* 
1 1 
=_ 
115 I, 
iN ; . 
+! 4 1 
. KL 
43 * 
. 1 
. ** 
1 0 
44 1 20 
: k M05 
7,  _- 
1 , 4 by 
75 + I * 
1 1 
7 o 
ow | Thos 
7 
N { 
1 
i 
tad”. 
0 0 
5 
* 4 { 
OR . 7 Cy 
* 18 
4 -— 
19 4 
bs 
1 
5 4” * 


P 
ge — n 5 
f —— 
_ _ 
ER ET I ra mares cont 4-334 
ws AM ei, rar red: 
. ju 


[1 
14 
[4 
14 
i 
73 
14 
f 
5 
22 
1 
fon 
. 
. 
1 
nz 
. 
1 
*4 
N 
13 
45 
$ 
9 
N. 
2 
1 
1 
1 
4% 
© 8 
i5 
IT: + 
{85 
= * 
ls 
. 
1 
A 
1 
1,8 
13 
jt 
TW 
oF 
* 
5 
. 
434 
* 
fe 
* 
. 
+4 
70 
IN 
3 
Ces 
F 
3 
HZ 
. 
4 
7 
. 
1 
4. 
A* 
1 
BM 
29 
1 
i 
1 
1 
. 
iy 
18 
{ 
* 
1 
1 
i 
on 
14 
1 
1 
% 
7 
** 
BY > 
£ 
* 
4 N 
i 
* 
1 
& 
. 
2 


rn C ig aeo wanget noe: 
— 4 . " my 4 - 


* 2 — OT 2 7 S 
27220 ³˙ A Be _— Ren a CU LIES 
- — — —— 


146 3 Algebꝛa. 9 Part Il. 


—— 
Again, If it were required to ſet down the Difference of the 
ſame two Quantities ; then it will be, 


Thus|1j|a=9 
21þ 6 
141g . = —.— 3 be Di. . 


605 if it were required to ſet Gown their Product; ; 
Then it will be, 


| Fhusjrſa=9 
| 23 26 Es | 
D we Prod. of 9 into 6. 


IX 23 


oe Letters ſet or joined immediately together ( like a Word ) 
fegnify the Rectangle or Produt? of thoſe Quantities they 6 pp 
as in the laſt Example, wherein ab = 54 ts the Product of a= 
and b= 0. Sc. 


Axioms. 


* ''f equal Quantities be-added to equal Quantities, the Sum 5 
of theſe 8 will be equal. 

2. If equal Quantities be taken from equal Quantities, the 
| Quantities remaining will be equal. 
3. If equal Quantities be multiplied with equal Quantities 
woe Products will be equal. 
equal Quantities be divided by equal Quantities, their 
. 8 will be equal. 

J. Thoſe Quantities, that are equal to one and the ſame 

Thing, are equal to one another, 

Note, I adviſe the Learner to get theſe foo. Axioms perfedth I 
Heart, 


Theſe Things being premiſed, and a perfect 8 of the 
Bigns and their Significations being gained, the young Algebraiſt 
may proceed to the following Rules. But firſt I muſt make bold 
to adviſe him here, (as I have formerly gone) that he be very ready - 
in one Rule before he undertakes the next. 

That is, He ſhould be expert in Addition, LAG he meddles 
with Sabtraction, and in Subtraction, before he undertakes 


Multiplication, &c. becauſe _y have a Dependency one * | 
another, 


£1 CHAP, 


Chap. 2. Addition of Quantities, e 


* A. «2. 


CHAP. IT: 


Concerning the Sir Principal Rules « Algebyaick 
Arithmetick, of whole Quantities, 


'$e8. x. Addition of whole Quantities, 


4271 TION of whole Quantities admits of three 
Caſes. 


Caſe 1. If the Quantities are like, and have like die add 


the Co-efficients or prefixt Numbers together, and to their Sum 
adjoin the Quantities with the ſame Sign. 


Thus Exam. 1. Exam. 2. Exam. 3. Exam. 4. 
vo |] =a | 56 |} —76c 
Cf. ,... EF 
142A 1— 22 | 8 —15 


1 5 


Exam. 5. Exam. 6. Exam. 7. 
134 ＋5 34 - 5 U Aονt᷑ ˙ 12 
422 J +24 


1421 31127 II 35 i. 


| The Reaſon of theſe Additions is evident from the Wark f Comms” 7 
Arithmetick. For ſuppoſe a, to repreſent one Crown, to which if? 


add one Crown, the Sum will be two Crowns, or 2 a, as in Exam. I. 


Or if we ſuppoſe — a, to repreſent the Want or Debt of one Crown, 


to which if another Want or Debt of one Crown be added, the Sum 


muſt needs be the Want or Debt of too. Crowns, or — 2 a; 41 in 


Example 2. And ſo for all the ret. 

Caſe 2. If the Quantities are alike, and have unlike Signs; 
ſubtract the Co- Efficients from each other, and to their Difference 
join the Quantities with the Sign of the greater, 


Exam, 8 | Etam. . Mam. 10.|Exam. 11. 
VI+5a—5a | 7be] —qgabd 
12 —3 2 Eine . +7abd 
1 885 2 
Exam. 12. 1 13. 
7a—5b— $ab—7bec +15 
2|—5a + 7 bi 


＋ 12 ak+ 7bc—24 
1+2i% 24 +26) 44b—9 | 
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The Reaſon of the Operations in this Caſe may be ook ” e er 
by any one that duly conſiders the comparing of Stock and Debts toge- 
ther, or the Balancing of Accounts betwixt Debtor and Creditor, 
That is, the Affirmative Quantities repreſent the Stack or Crediton : 


The Negative Quantities repreſent the Debts ; and their Sum repre- 
ſents the Balance, &c. 


Caſe 3. When the Quantities are unlike, ſet them all down, 
without altering their Signs; and thence will ariſe compound 


Quantities, which can be no otherwiſe added but by their Signs. 


Thus Le 4: @- I54+74 
26 — 442 ＋ 20 
14 213＋vT — eee 


Here follow a few Examples wherein all the 3 Caſes are pro- 
miſcuouſly concerned. 


e 8 37 


24 —4ab 7442 — 64 

Jaa—2ab+bb ab+5—6d 925 

FP 

12] A＋ AA 544-6 be—7ab+da 

ee eee EY 
5aja+b—ab 

„ 

Bit 344+ _ 


* 


1+ 2-4 3lal . 


2] 255 —344 — 24 — 25 


E 3aa+4abc—bb-þ- 30 
3] 4d ＋ 244— 34 —3 


e . — 


1 AD 
. — 


mos 
2 K 


Seck. 2. Subtraction of hole Quantities, 
CUB TRACTI ON of whole Quantities is performed by 


one general Rule. 


RULE. 


Change all the Signs of the Subtrahend, (viz. of thoſe i 


which are to be ſubtrafted) or ſuppoſe them in your Mind to be 


changed; then add all the Quantities together, as before in Addition, 
and their Sum will be the true Remainder or Difference required. 


This 


Chap. 2. 


This general Rule is deduced from theſe evident T ruths, 


r ET IS * 


ubtraction of Quantities. — 


* 


+4 ” 


To ſubtract an Affirmative Quantity, from an Affirmative, is 


the ſame as to add a Negative Quantity to an Affirmative : that 
is + 2 a taken from + 3 a, is the ſame with — 2 @ added to 34. 
Conſequently, to ſubtract a Negative Quantity from an Affir- 


mative, will be the ſame as to add an Affirmative Quantity to an 


Affirmative : that is — 2 a taken from -þ 3 @ will be the ſame with 
+28 added to + 3a. 0 wy | \ 


| | Exam. 1. | Exam. 2. ] Exam. 3. | Exam. 4. 

"60 2a | —2a | 86 |} —15be 
ON © BEL ES obama ln] Re RS. 9 <a». * HY 
14131 aa — = 1 5+. 1. 7be 


| | | Exam. 5. | Exam. 6. | Exam. 7, 
I 


5 4 123 54 — 125 g9ab + 36 
1222 ＋ 7b] 2a— 7b] gab +24 
2 D 


Exam. 8. Exam. 9. | Exam. 10. | Exam. rr. 
＋ 24 | —2a | bc — 2abd 

: —b6bc 723 ＋ 74254 
+ 7e | —gabd 


11 
: | hs net +38 
1—2 13 ; + 5a . 


Exam. 12. | Exam. 13. 

| 1] 2a+25]| 4ab—9 . 

| > | —ca+76 — $ab—7Tbed-I5 
31 7a—5b! 12ab ＋7 — 24 


JT — 2 


Work will appear very evident, theſe being only the Converſe or 


traction in common Arithmetick, 5 


Proof of thoſe; according to the Nature of Addition and Sub- 


More Examples in Subtraction. 


[ilakb]5gbc| 3daſBa5bd +25 
2 42 — 65 5 44 4 74 — 354 — 12 


TTT 


\ 


If theſe 13 Examples be compared with thoſe in Addition, the 
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Caf! 1. When the Quantities have like Signs; and no Co- Effi- 
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8 Il c-- 13 1a 1 0 | 
: 234 — 5 — 2c 6 24 — 44 
1—2 36 13-32 T 5 a—b — 2a +4b_ 


Id —3b — 4 — 75 ee 


It a +b — 5 „ [ 76 
— 21 3 Gs Rig — 
1* 2 e 7 76 EAA 2 


That a —b taken from a ＋ b leaves + 25 for the Remainder, 
as in the firſt of theſe Examples, may be thus proved: 


Let 44 a+b=z 

And [2] a—b=x | 

2--b6|3] a=x+b 8 
134] b=z—x—b per Axiom 2. 
435 eich was to be proved. 


The Truth of all Donations i in Subtraction, hi any Doubt 


ariſes, may be proved, by adding the e to the Remain- 
der, as in Common Arithmetict. 


„ EXAMPLE. 
From [11 +5aj oz —gbe 
Take 1 +35. —bda _— Subirabend, 
BATES —3b — — 
2947314 — . — 9 þ Areol. : 


— A * _— r 


Sect. 3. ' Pultiplication of whole Quantities, 


af three Caſes. 


cients, ſet or join them together, and prefix the Sign * before 
them; and that will be their Product. 


I Exam, 1. | Exam. 2. * 3. | 1 
1412 | —a a+b | —a—b_ 
Thus} 5 FI 3 
N 2 2 . +4@ab "ad+bd +ad+b4 


WY * Ow 


Caſe 2. If there be Co- Ufcients; : n them, and to their ; 


Product adjoin the Quantities ſet together as before, 


Thus 


ULTIPLICATI ON of whole Quantities admits 


3081 


JJ AA T 
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| [Exam. 5. Exam. 6.] Exam. 7. Exam. 8. 
1 5a — 64 + wie b : + b 
Thus |, Jb —73 


141 15ab I＋ 4240 Wer N = 


Caſe 3. When the Quantities have unlike Signs ; Join them 
and the Product of their Co-efficients gether (as before) but 358 
fx the Sign — before them; _ 


Exam. 9. Exam. 10. Fam. 11. Exam. 12. 
4 Il +a —04 4a—7b l4a—76 
Thus] 2] —b = 1-76 | 3f ET. 
IX 213 —ab | —42db D 


That! is, + into , or — into —, gives + | 
But + into 9 or — into +, * | n P roduct. . 


That + into FA will 8 + in the product, is evident from 
Multiplication in Common Arithmetick : viz. + 5 into + 7 will 

ive + 35 &c. But that ＋ into —, or — into ＋ ſhould pro- 
| ; the Sign —, as in the four laſt Examples : And that — in- 
to — . ſhould produce the Sign +, as in the ſecond, fourth, and 
ſixth Examples, may perhaps ſeem ſomewhat difficult to be « son- 
ceived; and requires a Demonſtration. 


Firſt to prove that — 7 b into K 

Suppoſe [1] 4a—7b=0 RS 

Then will] 242 27 fer Axiom1, 
r a 

2&K 314124 216 per Axiom 3. 

4— 217 5 | dn Oo —- per Axiom 2. 


Conſequently 5 ah into —, or — - into + produces —, which was 
the Thing to be * %% Lo LO 


- dls to prove that — 7 binto — 3 F gives + 21 V * as in 
Example 11. 


Let | i | 1 Bl 
Then 24 75 Fas before, 
ae But | 3 —3f=—3f 
the 2 x. 3 is 4 — 122 f= 2 bf by what is proved above. 
4 —216f] 5 | 12 21 =o. per Axiom 1. 


Conſequently — into — gives -|- which was to be proved. 
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Or theſe may be otherwiſe 888 by Numbers. 


Thus, ſuppoſe + = 20 ! and d 195 * 1 I 2 any other Num- 


5 = 14 bers. 
Then a—b=6 —c—d=4 ber Arion. 2. 


- Conſequently, @— Tr” x 12 6 Rx 4 = = 216, per Axiom 3. but 


a—bxc—4, according to the precedent Rules, will be, 


ac—cb+bd— da, which if true muſt be equal to . 


p. ear 20 * 12 2 240 cb 12 14 = 168 
Prooff 54 20 > 5 = It da = 8 
Hence ac +bd= 352 Per Axiom T. 
And cb + da= 328 which being ſubtracted, 


Leaves ac 12 bd —cb—da= = 352—328 = — 245 an plainly 
ſhews, 


That + i into — _ prodeces ＋ 


And — into — produces + | in the Produg... 


X E. D. | 
** Note, If the Mutiplier conflls of ſeveral — ant then every 


one of thoſe Terms muſt be multiplied into all the Terms of the 
Multiplicand; and the Sum of thoſe particular eee will. * 


the Product required, as in Common Arithmetict. 


EXAMPLES. 


Þl a+b—42 5d 
2 2 — 1 6 : 
Txayjaa+bea—da '21ba-j- 15da 55 


CCC 


37-415 aauda—bb+db ba +15 da 35H df 


71 aa—ba| 2c —34 
2] - ag +0: Za—4d-- 
xx 213/a29—abb | ee 
11 „ L | 1 
2] @a—2  a+Fb 5 


7 e e aaa—baa+bba 
— 244 -— 4 4-8 —_+baa—bba+bbb. 
aaa —8 lana+bbb 


__ " 


7 x213 


ed 
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Chap. 2. " Diviſion of Duantities, 


Sect. 4. Diviſion of whole Duantities, - 


Di of Species, is the covers or direct contrary to chat of 
Multiplication, and conſequently is performed by converſe 
Operations, (as in common Arithmetick) and admits of four Caſes. 
Caſe 1. When the Quantities in the Dividend, have like Si igns 
to thoſe in the Diviſor, and no Co-efficients in either ; : caſt off or 
expunge all the Quantities in the Dividend, that are like thoſe in 
the Diviſor; and ſet down the other Quantities with the 8 ign + 
for the — required. 


r ab 43 „44 5 
Thus} | 7 1 h — +1 3 


D 


Caſe 2. When the Quantities in the Dividend have unlike Signs 
to thoſe in the Diviſor; then ſet down the Quotient Quantities 
found as N with the Sign — before them. e 


Th 11 Hab| —ab—bd| hebed+be# 
Thus | ld 1b 4 - looks: 
e 3 — — — == : 


| Caſe 3. If the Quantities in the Dividend and Diviſor, have 
Co-efficients ; divide the Numbers (as in common Arithmetick ) 
and to their Quotients adjoin the Quotient Quantities. 

. rz a 4245 T 

1 5 — 64 ' 4072 


Note, When the Quantities and Co-efficients in the Diviſor and 
Dividend are all the ſame, the Quotient will be an Unit, or 1. 


Þ mi tilrnfabt 955 nab+<be 1 
50% 2470 e! 
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Caſe 4. When the 1 in the Diviſor cannot be exactly 
found in the Dividend; then ſet them both down like a Vulgar 
Fraction, as in common Arithmetick. 
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N. B. In Diviſion one thing muſt ke very carefully obſerved; 


Dix. that like Signs give + and unlike Signs give — in the Quo- 


tient; which needs no other Proof than that already laid down in 


| the laft Section, if duly compared with what hath been ſaid con- 
cerning Multiplication and Diviſion, in Vulgar Arithmetict. 


Examples of Diviſion at large. 

f F 
2 7b+od = 
2 * 34 3211-1 15 7 


* FR -——— 


of On. < 4% | 0. D 57. 


2* 5751 r 
J BET oo elk 
1 — 2 |7]3a—5f the Quotient collected from the 3, and 5, Steps. 


Or Diviſi on of Quantities may ſtand as Numbers | in common 


 Arithmetick do; thus 


34 — 6) 56% 96 68e 


Hagen — 12008 | 


O 124 2 4 — 95 


+ 12244 — 2448 : 
o —+24aa—96 9 5 
+ 24424 — 48 4 ; 
F 
. 4 — 28. 
=o 0 


That i is, N Jab gives 2aaa44aa + 8a+ 
16 for the Quotient, 'as may eaſily be proved by Multiplication, 
Viz. 2444 -+4aa48@-+ 10 x 34 b will produce b a#— 96; 
and ſo for the reſt. _ 


Sc&. g. Jnvolution of whole Quantities. 
] Nvolution is the raiſing or producing of Powers, from any pro- 


poſe! Root, and 15 performed i in all reſpects. like Multiplication, 
fave only in this: Multiplication admits of any different F actors, 


but Involution ſtill retains the ſame, | 
EXAMPLES. 


Involution of Quantities, 155 


Chap. 2. 


EXAMPLES. 


| a | —a_ | the Root, or ange Power. 
ng —_—#8-- --- Square, or ſecond Power. 
aaa { —aaa | Cube, or third Power. _ 
1 + 444 à4 Biquaqrat, « or fourth Power. 
a a aa 4 | —aaaue Surſolid, or fifth Power, Sc. 


18.2 
| 1 
104 
165 


Nite, The rates bel! in hi Margin, after the Sign (OS) 
of Involution, ſhew to what Height the Root'is involved ; and 
are called Indices of the Power; and are uſually placed over the 
involved Quantities, in order to contract the Work, eſpecially 
when the Powers are any thing high, 


** 
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N a =@ | Cas 44a 
= 422 — 4 4 ab =aaaaaa 
Thus a3 =aaa And a5b5=aaaaabbbbb. 


e. | | Ca3b3d3 =aaabbbddd : 


Tf the Quantities have Co. Efficients, the Co- efhcients muſt be 
involved Along with the Quantities, as in 1 theſe, 


Thus | 1] 22 "Tra 48 + 30 
1 442 | +9gaa |, aq#Scec- 
18.33 84244 — 27424 | 125bbbeee 
10441624 [＋ 812444 | 625 A e 
1&5 1 513240000] — 24345 | 3125 bs c5, 8 


4 


Involution of Compound Quantities is a] in the ſame 
manner, due regard being had to their Signs and Co- efficients, if 
there be any. As for inſtance, ſuppoſe a ” b were 2985 to be 


| involved to the fifth Power, 


Thus 1] ab called a Binomial 13 
e 
Xa N 424 ＋ 40 
1X 213 + ab4-bb 

10% 4% T24b＋ %, > the Square of a + b 

. Sa P 

2 + abi Se65$4b bb 

18347 DD the Cube of @ + 5 
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tinually decreaſe | in Arithmetical Progreſſion ; pix. in the Square 


SL. Agb. e 
| %% 


1 a ＋ 6 
7 Xa . 2 
7X L 33 ＋ 344 b“⁰＋ 345 + 4 


e „ 


10 * 211 eee Th 
IX 912 ab +4a3bb +6baah +a +85 


at's abr agate wrong ba 


Again let a—3, called a Reſidual Root, be given. FE, 
Then ta — 5 


| a—b 

1 X 244 — 45 8 3 

I x—b 3 —ab+bb 

1 © 2 477205 ee vquare of 6—b 
a—b 


4 X 5ja@a—2aab+abb 
4x —þ- | — aabÞ+2abb—bbb _ 
103 2 3+ $0b bh H hte Cube od 


24 — 6 


7 X D 


Pe —aaab+3aabb—3abbb+bbbb 
1 Oatolanaa—4aaabFbaabb—yabbb+bbbb 


a—b 


eg d e e e N 
E44 bb —baabs + 4abt—bs 


IO * = 
10 x — 412 

1 O5 4 4 b＋10 a3 þ b—10 aa 63 + 7 a 64—65 
_ 


By comparing theſe two Examples together you may make - 
the following Obſervations. 
1. That the Powers raiſed from a Reſidual Root (viz. the Dif. 
ference of two Quantities) are the ſame with their like Powers 
raiſed from a Binomial Root (or the Sum of two Quantities) ſave 


only in their Signs; viz. the Binomial Powers have the Sign - 


to every Term, but the Reſidual Powers have the Signs + and 
— interchangeably to every other I erm. 
2, The Indices of the Powers of the leading Quantity (a) con- 


it 
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it is a a, a: In the Cube aaa, aa, a: In the Biquadrat à à à a, 
aaa, a a, a, &c. 5 
3. The Indices of the other Quantity b do continually increaſe 
in Arithmetical Progreſſion; viz. In the Squaxe it is b, 5 In 
the Cube b, bb, bbb: In the Biquadrat b, bb, bbb, bbbb, &c. 
4. The firſt and laſt Terms are always pure Powers of the 
ſingle Quantities, and are both of the ſame Height 
5. The Sum of the Indices of any two Letters joined together 
in the intermediate Terms, are always equal to the Index of the 
higheſt Power, viz. of the firſt or laſt Term. $5 
Theſe Obſervations being duly conſidered, it will be eaſy to 
conceive how the Terms of any propoſed Power raiſed from a 
Binomial or Reſidual Root muſt ſtand, without their Unciz or 
Numeral Figures, | ß pe Tot 
For Inſtance, ſuppoſe it were required to raiſe the Binomial 
Root a+ b to the ſeventh Power; then the Terms of that Power 
will ſtand without their Unciz in this Order. 


Viz. a7 4 414 as 5 Lat + a3 14+ 4 . 4 *. 


And becauſe the Uncia (not only of any ſingle Letter, but alſo) 
of every ſingle Power, how high ſoever it be, is an Unit or 1 
(which neither multiplies nor divides) and all the Powers of any 
Binomial or Reſidual Root are naturally raiſed by multiplying of 
the precedent Power into it's original Root, which is done by on- 
ly joining each Letter in the Root to the precedent Power, with 
it's Unciæ, and then removing the ſaid Power, when it is ſo 
joined to the ſecond Letter, one place forward (either to the left 
or right Hand) it muſt needs follow, „„ 
That the Unciæ of the ſecond Terms (in any ſuch Power) will 
always be the Sum of ſo many Units added together more one, 
as there have been Multiplications of the firſt Root; which will 
Ons be determined by the Index of the firſt Term in the 
ower. N 5 5 
And becauſe the Unciæ of all the intermediate Terms, are 
only removed along with their Letters, it alſo follows; that if 
they are added together, their reſpective Sums will produce the 
true Unciæ of the intermediate Terms in the new raiſed Power. 
As doth plainly appear from the following Numbers ſo removed 
without their Letters; which both ſhews and demonſtrates an 
eaſy Way of producing the Unciæ of any ordinary Power (vix. 
5 one not very high) raiſed from either a Binomial or Reſidual 
 Koot, : 
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We DO | 
NM 1 1 Ih The two Unciz of the Root, 

A q d LE 0 K = TheV Unciz of the Square. 

Add 2 N & | The Unciz of the Cube. 
C DD 

OTE 6. 4. 1 The Unciæ of the foufth Power, 

Add ; = OW SR 

; 10 «rad. n Unciæ of the fifth Power: 


/ 20'6--39*.:10 61 I Uncizof the 6th Power. 
„ 15 20 5 8. 


: 7 21 . 35 . 35 « 21 . 7 . I I Unciz of 7th Pow. 
And fo on in this manner ad infinitum. | 155 


1 

=S- O 

u 5 10. 10 5 . 
6 15 

1 


Now if theſe Numbers are prefixed to the aforeſaid Letters, all 
the Terms will be compleated with their reſpeQive Unciæ, and 


will ſtand thus; 


La, 572145 529 3 50 34 3 543 bi+21 a* bs 7a b5+67, 


But'that the Buſineſs of finding theſe Unciæ, may be rendered 
yet more eaſy for Practice, it will be convenient to conſider what 
Series or Progreſſion, the Unciæ of each Term do make from this” 


i aforeſaid Additions. + 


35 [Sg [S2 [ 843 g[3 [35 
SE 58 85558 58ʃ(3 5/5 5 
#6 eg 
82 38282888 282822 8 
Pe L lg ySHbelbehrtnoÞbog 
Pſa taſe fool. aha of |. . Foe of the dad Quinte 
FEE. 2 6 of ths Square. 
"DS 4-14" 1 C10 | Uncie of the Cube. 
90 = 20 15 3 0 wu FI” ry 8 bs * 20 5 Uocis of AY 4th 1 
iz I us 5 6 | 10 4 'S; WE BY * Vaciz of the 5th Power. 
Fe Lie 4-60- 25 "6. " Unciz of the 6th Power. 
I 7 42 5 35 s 21 07h age I Unciz of the 7th Power, Kc. 


The Unciæ of the firſt Term are only a Series of Units, whoſe 
Sum is every where the Unciz of the ſecond Term. The Unciz 


of the ſecond Term, are a Series of Numbers in Arithmetick Pro- 


greſſion, whoſe Sum is every where the Unciæ of the next Su- 
perior Power i in the third Term, and may be found by Propoſi- 
tion 


/ 
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— oe oo nnindbe 


tion 1. Chap. 6. Part 1. For Inſtance, in the ſeventh Power 
64] ha I X 6 

2: | | | 
The reſt of the Unciz are a compounded Series, whoſe re- 


ſpective Sums may be obtained from the Unciæ of their prece- | 
: dent Terms. | 


Thus 21 5 _ = 35. Then 35 *4 — . 39. Again 35 x 3 33 3 
IM "7 5 


it will be — 21 = the Uncia of the third Term. 


— 21. And EEDS 7» Se. 
F rom hence may be deduced this general Rule. 


RULE 


If the Inden of the kt Letter of any Term be multiplied into it's 
own Uncia, and that Product be divided by the Number of Terms to 


that Place; the Quotient will be the 5111 F the next xt ſucceeds ng 
Term forward, 


That is, by the Help of thoſe ace chat belong to >the ſeveral 
Powers of the firſt or Ran Letter only (as a) the true Unciæ of 
every Term may be eafily underſtood. 


EXAMPLE 2. 


Let it be required to compleat all the Terms of the aforeſaid 
ſeveral Powers, viz. a) + 46 b þ a5 b* þ at 3 + a b4 þ a* b5 
+ abs + 27, with their proper Unciz. 

Es ot Index of a7 the firſt Term will be the Uncia of the 
ſecond Term. Thus 47 + 74. 
2. Then half the ſecond 7 erm's Index into it's Uncia, Us, 


{ 2 . = 21, will be third Term's Uncia. Thus a7 + 7 46 U 
2 


= 21 45 5 32 will be ie three firſt Terms. 
<4 Again — 3 = = 35 is the Uncia of the fourth Term, 


3 al + 7 46 b 55 21 as þ* +35 4 3 will be the four firſt 


Terms. 


4. And 54 = 35 wil be the Uncia of the fiſth Term, 


whence 47 + 7 4s 54+ 21 a5 þ3 + 35 a+ b þ+ 35 45 by will be 
the five firſt Terms. 

And fo proceed till all the Terms are compleated with their re- 
ſpective Unciæ; which will ſtand thus, 47 + 745 ＋＋ 21 as b* 


+ 35 4 63 + 35 4 5 21 45 18 + 7485 +8. 


| Now 
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Now here it may be further obſerved, that the Unciæ do only 
increaſe until the Indices of the two Letters become equal, or 
change Places; and then the reſt of the Unciæ will return or 


decreaſe in the ſame order. That is, wherever the Indices of the 
Letters are alike, there the Unciæ will be alike. 


And therefore one needs to find the Unciz (as before) but to 


half the Number of Terms in any Power. 


If what hath been ſaid, and the Work of the Example be well 
underſtood, I preſume it will be found very eaſy to raiſe any 
Power from a Binomial or Reſidual Root, to what Height you 
pleaſe ; without the Trouble of a continued Involution ; and 
without the Help of fuch a Table of Powers as is propoſed by 
Mr Oughtred in his Key to the Mathematicks, Page 40, and ſince 
by others. 

Now from theſe Conſiderations it was, that I propoſed this Me- 


thod of raiſing Powers in my Compendium of Algebra, Page 57, 


as wholly New (viz. ſo much of it as was there uſeful) having 


then (I profeſs) neither ſeen the Way of doing it, nor ſo much as 


heard of it's being done. But fince the writing of that Tract, 1 
find in Dr Wallis's Hiftory of Algebra, Page 319 and 331, that 


the learned Sir Iſaac Newton had diſcovered it long before; which 
the Doctor ſets down in this Manner. 


Let m be the Exponent of the Power. ; 


Then I nl e e ESI, 


EE I IS 
will be the Series of the Unciz required ; but he doth not tell 
us how they firſt came to be found out, nor have Ie ever met with 
the leaſt Hint of it in * Author. 


Sec 6. 5 Evolution of whole Duantities, 


Eh- is the extracting of Roots from any given Power. 

That is, it is the Converſe Work to that of Involution, and 

in ſingle Quantities it is eaſy, jf the given Power have ſuch a | 
Root as is required, which may be thus known. 

If the given Power have no Numbers prefixed to it, and it's 

Index can be divided by the Index of the Root required, the Quo- 


tient will be the Index of the Root ſought. Thus, if the Cube 


Root of aaaaaa, viz, as were required (the Index of the 


Cube is 3) then 3) 6 (2. That is, af =. the Root required. 
And ſuch Operations are uſually let down. 
2 1 hus 


. "RA RE; r 
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Thus|1| a5 | a6 56 | a6 36 as K 
— 9 
Iw 2] a3 | a3 bÞ | en N 
1 u 330 4 |a b* | at bt d* A 
"Te 1 2 * 6 4 
Note, The Figures placed in the Margin after the Sign (us) of # 
Evolution, denote the Index of the Root to be extracted. 1 
the given Powers have Co- efficients, (viz. Numbers pre- kai 
fixed to them ;) then you muſt extract their reſpectiye Roots, as. MM 
in Vulgat Arithmetick. e > * 
Thusſiſ 8r 44 | 1296 a 320436 a bt 6 1 
1 un 2 9 4 3b a+ bt 144 4 b* cf 1 
Ie 6003p] made 1 
M 1 
But if the Root required cannot be truly extracted out of both mi 
the Co-efficients and Indices of the given Power; then it is a Al 
. Surd, and muſt have the Sign of the Root required prefixed to it. 1 
Thus|1 2] 67 a+ | 216 bbbddd_ | 
Iwfj2 ya y/ 67 4+ | y/ 216 bbbddd || 
_Iwiiiy/ 6/67 | od 1 
Evolution of compound Quantities or Powers, is a little more Wu 
troubleſome than that of ſingle Powers ; and would require a great 1 
many Words to explain the Manner and Reaſon of forming the ny 
ſeveral Canons; that are commonly uſed in extrafting the Roots 1 
of compound Quantities ; eſpecially if the Powers be very high, Cc. M 
I ſhall therefore for Brevity's Sake omit them, and itiſtead thereof 11 
propoſe an eaſy Method of diſcovering the Roots of all compound "i 
Powers in general. And in order to that it will be neceſſary to "3 
_ premiſe, that if either the Sum or Difference of ſeveral Quantities | | 1 : 
be ihvolved to any Power, there will ariſe ſo many ſingle Powers 11 
of the ſame Height, as there are different Quantities. Wl 
As for Inſtance, if a + b + A be ſquared, that is, be involved 11 
to the ſecond Power, it will be aa+ 2 4 b 2 ad+bb+26bd+da, Will 
here you have aa, bb, and dd. Again, if a + b þ d were cuhed, 1 
biz. involved to the third Power, then you will have à 4 4, 5% b, | 
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Whence it Tollows, that in extracting the Root of all compound | 


Quantities, there muſt be conſidered, 


1. How many different Letters (er Quantities) there are in the 
given Power. 

2. Whether the ſingle Powers of each of thoſe Letters be of 
an equal Height, and Have in them ſuch a ſingle Root as is re- 
e which if they have, extract it as before. 

3. Connect thoſe fin ngle Roots together with the Sign 15 ink | 
involve them to the fame Height with the given Power; that 
being done, compare the new raiſed Power with the given Power; 
and if they are alike in all their reſpective Terms, then you have 
the Root required; or if they differ only in their Signs, the Root 
may be eaſily corrected with the Sign — as occaſion requires. 

Example 1. Let it be required to extract the Square Root of 
cc + 2cb—2cd+bb —2 3d ＋ 4d. In this Compound 
Square, there are three diftint Powers, viz. bb, cc, dd, 
whoſe ſingle Roots are h, c, d, wherefore I ſuppoſe the Root 
fought to-be b + c KC. or ratheres L cd, becauſe in the 
given Power there is —2cd, and — 2 bd, therefore I conclude 
it is — 4; then 4 - 4, deing ſquared, produces b 2 be 


— 2 544. c —2 6d 4 d, which I find to be the ſame in all 
it's Terms with the given Power, although they ſtand in a dif- 


ferent Poſition; conſequently þ + - 4 is the true Root required. 
Example 2. It is eee to extract the Square Root of a+ 


—2aabb . Here are but two ſingle Powers, vis: a+ and 


3+, whoſe Square Roots are aa, and h b. And becauſe in the given 
Power there is— 2 445 b, therefore] conclude it muſt either be 
44 — B55 or 55 — 44. Both which, being involved, will produce 


„ 2 a@bb+b+; conſequently the Root ſought may either be 


aa—bb, orbb—aa, according to the Nature or Deſign of the 


155 Queſtion from whence the given Power was produced. 


Example 3. Let it be required to extract the Square Root of 26 


 #$aaa+108a@a+81. Here the two fingle Powers are 36 


aaaa, and 81, whoſe Roots are 6 A and 9. And becauſe the 


Signs are all--þ therefore I ſuppoſe the Root to. be 6 aa + 9, the 
which being involved doth produce 36 at + 108@a + 81; con- 


ſequently'6 a a +9 is the true Root required. =” 
Example 4. Suppoſe it were required to extract the Cube Root 8 

of 125 aaa + 300 44e — 450 aa + 250 K e — 720 4 . 

+ 64 eee 5404 - 2882 + 4326 — 216. In this Example 


chere are three diſtinct Powers, viz. 125 44 4, 64 ee e, and — 216. 
And the Cube Root of 125 444 is 5a; of 64 eee is 4e; of 


— 216 is — 6. Wherefore I ſuppoſe the Root ſought to be 5 
+4e— 6, which being uy to the third Power, does pro- 
duce 
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-- 


duce the ſame with the given Power; conſequently 5 @+40 * 
is the Cube Root required. 

But if the new Power, raiſed from the ſuppoſed Robt (being 
involved to it's due Height) ſhould not prove the ſame with = 
given Power, viz. if it hath either more or fewer Terms in it, &c. 
then you may conclude the given Power to be a Surd, which muſt 


have it's proper Sign prefixed to it, and cannot be otherwiſe ex- 


preſſed, until it come to be involved in Numbers. 

Example 5. Suppoſe it were required to extract the Cube Root 
of 27 aaa + 54 44 ＋ 835. Here are two diſtinct and per- 
fect Cubes, vz. 27 aaa, and 8 3b, whoſe Cube Roots are 3 4 
and 26, Wherefore one may ſuppoſe the Root ſaught to be 3 4 


+28, which being involved to the Third Power, is 27 aae 
* 34544 365 ＋ 855. Now this new raiſed Power hath - 


one Term (viz. 36 bh) more in it than the given Power hath; 


but this being a perfect Cube, one may therefore conclude he 
given Power is not fo, viz. it is a Surd, and hath not ſuch a Root 


28 was requized, but muſt be expreſſed, or ſer down, 


Thus * 27 4 4 reef. 
11 theſe Examples be well e the Learner will find it 


very eaſy, by this Method of proceeding, t to diſcover the true Root 


of any given Power whatſoever, 


ut. YA 


CHAP. III. 
o Aigebzaick F ractions, or %20ken £ Quantities. 
Sect. 1. Not ation of Fraftional Quantities. 


Fes Duantities are expreſſed or ſet down like Vulgar 


F ractions in common Arithmelicł. 
Thus „ {*, 8. 2#c $b—48 Numerators. 381 U 
3 ; 4 - 4. d+76b Denominators, 


How 1 come to be ſo, ſee Caſe 4, in the laſt Chapter of 


Diviſion. "Theſe Fractional Quantities are managed in all re- 


ſpects like Vulgar Fractions in common #rithmettck, 


Y 2 | Set. 


; 


. 
1 
1 

q 

5 
1 


„„ 
1 - 


— 
IS oor ten. 2 eee 


| be the common Denominator, VIZ. ad 


and they gil be 


ee. 2. To 5 ator. or Change di eee Fracims inip | 


one Denomination, retaining the ſame Value. 
RULE. 


AN LYSP L Yr all the Denominators into ach other ls a 


new Denoninator, and each Numerator into all the Deno- 


minators but it's own Jer new Numerators. 


EXAMPLES. 


Ln it be required to bring 7 L and i into one Denomination. 
Cc 


Firſt a xc, and dx b, will be the Numerators, and þ x c will 


b 4 
h 8 

bp IT are the twq 
. 


Fraftions required : * is, | 55 eker kd — a 


be c 
Again * 6 +e 


e any mie be 
, and Nie: 


and £ * — 7 al brought into ohe Denomination, 


Seck. 3. To 1. Bing whole Quantities : into F cartons 


of a given Denomination. 


K U 1. K. 


ULTI P LY the whole Quantities into the given Deno- 
nominator for a Numerator, under which ſubſcribe the given 
Denominator, and you will have the H rattion required, 
EXAMPLES. 
Let it be required to bring a + b into a FraQtion, whoſe Dene- 
minator is 4 — 4. Firſt 7 * 4 —- a is da+ bd—aa—ba: 


Then © 25 a * » 2 2— . — 7 is the FraQtian required. 


£ —9 
Again 3 +2 2 will be © 22 28 7. And 4 will be — 45 


| 8 
Me 22444 will be , | | g 

f = | 42—6 | 
| When 
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When whole Quantities are to be ſet down F radlon-wiſe, 5 


ſubſcribe an Unit for the Denominator. Thus a bis . And 


2-55, 12 —bb „&c. 
1 | 


— — Ee 


dies intb their loweſt Denomination. 


RULE. 


Do both the Numerator and De by their greatef 
2 common Diviſor, viz. by ſuch Quantitięs as are found in both; 
and their Quotients will be the Fraction in it yo Term. 
Fi aac. aa abbb . 32. c 
Thus 2 tc BY * abc | "i Aud 3 44. 

In ſuch ſingle Fractions as theſe, the common Diviſors ( if there 
be any) are eaſily diſcovered by Inſpection only; but in compound 


| Fractions it often proves very troubleſome, and muſt be done 
either by dividing the Numerator by the Denominator, until no- 


thing remains, when that can be done: or elſe finding their com- 


mon Meaſure, by dividing the Denominator by the Numerator, . 
and the Numerator by the n and ſo on, as in Vulgar 


N 2 (Sect. 4. Page 51.) 
E AA M P 1 E 8. 


8 Suppoſe 2 2 24 were to be reduced lower. 
44 - 4d 


—— 


Then e 4—ad) aac—aad 7 the Fraction required. 


a ac - 424d 
0 7 tb 


In this Example it ſo happens that the Numerator i is divided juſt 
off by the Denominator ; but in the next it is otherwiſe, and re- 


quires a double Diviſion to find out the common Meaſure, viz. 


Leet it be required to reduce 2 
 aa+2ab+bb 


Firtaa +204 +39) aaa—abb la 
aaa+2aabÞabb 


: '— 24ab—2abbtheRemainder. | 


| Then—2 0032061) T50 10 


44 445 „ — 24 

„„ A ö 
_aa+bb BY 
„ Hence 


Seck 4. To Auberge, or Rene Fraftional Quanti- 


to it's s loweſt Terms, 


1 


8:48 
117 9 
1 * 


— - ___— —— * - o ” 
— — : - - _— —— O_o : 8 Me OS 
— — — — — = - — — — > — * — — 8 a - 
— ia — Nr — mr nog i __ bY: _ . - — — — = — — 2 — 2 == — IS — 
2 2 ** 2 —— — — — —— — n — — 1 * p — — — - _ I 4 . 5 
* 8 roared — = * 7 —— Ou > — 4 2 : * 72 . AST ry 5 _ - * = Y 2 I 2 — ä "Xa, of w- >; "IS 7 LY eo 
A — ——⁰ẽ—ů —— — — 2 * — , — * 2 p 
m " — - —— ——_ ro ty. — ne 0 - — 2 — —— — — — — — — . 2 - l 7 - — 2 . 1 q 
WIE : — SEIC > 2 A 3 r pl * r 23 — Og! Wh Lo REI + —_— S £1 — — 8 9 _ — — _ 


2 — E —— 2 a. rs > —— EIU = 
—— IS 4 9%. — 
a — NA = 2 0 to — * — — 
n _ 2 2 


: — 
he 
a- 


Er oo rot Ree er * 


2 


3 n ** 3 PIs _— 8 wy 1 * * N * a 
SY YT * Lt * — A tilt. 41 * 14 — 8 


— * * F —_— La * Land 


266 LO Part ! Ir. 


* * 
JI 
— ne rr ner er — 


— — 


Hence it appears r 2% k he common lie- | 
fure ; by which ces 6 muſt be divided. 


Fiz. —260b—2ab8) ana—abb 2 & &' . 
. — A407 29 2 
: 25 | SIND 
| PSYPTITY 


0 O 


"rs 18 the 1 new Numerator; and * 1 


2b 
OR + 2 the Numerator ; and os — 5 Fl — ot 2 | 
2b 41 „ dee 
= on the Denominator. Let both be multiplied with 2 b a, 
5 you nil have —aa+ab the Numerator. Or changing 


— 42 — the Denominator. | 
oo Signs of all the pode, it will bn STS 5 the new AY 


a+Þ 
a — 42h.  aaa—abb 
ITT „ 
dd —bb 
Again, let i it be * to reduce r 
The common nn of this Frede will be the eaſieſt found 


(as appears from Trials) by dividing the N by the Nu- 
merator, &c, Thus, 


tion required. That i is, 


d4—3)) 144 —b3b(4 
— _ddd—bbd 
PDA = dd—b3 Le 
dd—bd NN 
An 55453 (b 
355 


0 0 
| Hence it appears that ö — bb is the common Meaſure that 
will divide both the Ny umerator and the Denominator. 


Conſequently 


* PG * _ ' a 


* 
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Conſequently bd—b 50 oy 4 7 7 —+ I, the new Numerator. 


— 


eee 3 


5 Pa 


433 s 
at 


And 14. bb) 4 —1ʃ5ʃ 5 
440445 (+ +d+bthe new Denominator, 


N Yee, 
ddb—bbd 
+bbd—bbb 
 bb4—bbb 
FOR Tb. 


La beth be lied with Fy and - then you will have 


— . r 1 of the F raction required. 
dd + bd -+ bb the Denominator, 
But if after all Means uſed (as aboye) there cannot be found one 


common Meaſure to both the Numerator and Denotninator ; then | 


. is that Fraction in it's leaſt Terms already. 


Note, Theſe Operations will be underſtood by a Lenniet after 


he hath Pe thro' On and wang on of Fractions. 


7 1 
9 


7 


"= 5. Addition and Subtraction F 2 
Quantities. 


1 H E given Fractions being of one Derestewiot, of if they 


are not, make them ſo, per Sec. 4. Then, 


R N L. E. — —— 3 
Add or ſirbtracꝭ their Numerators, as Occaſfton requires,” and to 


their Sum or Difference, ſubſcribe the common Denaminators as in 


V. ulgar Factions. 
Examples in avvition, VV 
MOTT INTE =”; 
1 — — — mmm mmm 
2 144 Eg 2b — al a+}8—@e 
| 8 5 LAGS 06S AAS, 71 doe __ 


8 A ak * 


, IN uy 
247203 emp =p — _ 


7 5 ö Examples 


1 


_ p 
a+ *, EX. — 8 * 


168 a A 1 Part II. 
Examples in Subtraction, | 
: 425 a+tbza+b+4 25 
T a 
bb 25—4] 2a4+c 4 ＋5— 4 
FEY RC 
| - aa [24—b a+b \b—a+d 
— tl © lax. — 


- FIR ie. >> Liana - 4 x ä — — 0. — ads ies 1 1 i 4 


| Sect. . Sultipicatim 7 b Fraflional 3 


F IRS T prepare mixed Quantities (if there be any) by making 


them improper Fractions, and whole Quantities by ſubſcribing : 
an Unit under them; as per Se. 3. Then, 


R UL B. 


2 the Numerators together for a new Numerater, and the 
enommators together for 4 new Denominator; as in * ulgar 


Frattions, 

. 

n c 2d+c 
„ 
n 


5 D 
n of” ; SETTLE 


e it were requited to multiply 2 4 +2 — — 25 with 
35 + 4c. Theſe prepared for the Work (per Sect. 3 ) will 


and 


9 [206 +425: 
Thus S 5 +4 
2X2] 3 6bac+33b—75be+8ace$4be—r 10000 a 


or 4 6bo—71 þ+8ac—100c+ 3— ger Seck. 4. 
N. B 


3. For £ x. = ba . = b&c. 


— 
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N. B. Any F ration is multiplied with it's Denominator by. 


caſting off, or taking the Denominator — Thus — N * a gives 


„ „ 


Sect. 7. Diviſion of Frafional Quantities. 


- T HE F rational Quantities being prepared, as directed in the 


- 


2 ee ebe aeg +3088 But 


minators, and divide the Numerators. Thus, f£ —— Were to be 


laſt Section. Then, 


| RULE. 
Multiply the Numerator of the Dividend, into the Deviontdiater 7 


the Diviſor, for a new Numerator; and multiply the other tw9 tage- 


ther for a new Denominator ; as in Vulgar Frattions, © 


EXAMPLES. 


1 224 abd be divided by > the Work may ſtand thus, | 


ab 235 abde 4. | : 
SF cf 2 = Fo; 5 
S 2 5 4 ＋ 5 LE bbb h 
| — „ 8-4 d:. | 11 
= a] 1b c—b EY 31 


aa—ch\agan_ bb bc” 
dvd aag-\ bbb 


2 


c 
| 4 
4 2, 2 


** 


— — 
— N 


als it were required to divide 44 ＋g̃ 122 / by 4 ＋ . 
| a ＋ 4 
The Work will ſtand thus, 


3 ů — —2:ͤ ——— eng HS Es nar — 
| gy n my 
— r =c =. 

— - — —— — 


1 4 ＋ 4 ee | ay 
a aN. 44205 9 34 6b a . 35 (per Sect. 4.) 1 

"E438 5ba e | 4 ＋4 1 i 

When Fractions are of one Denomination, caſt of the Deno- 


c 
divided by it will be 6b) 943 (al the Quotient required, 
| | 7. -.— 


23 — 


e 


b E* * N * 
— — RN — -; Ann <p oe EE et RAP 4k TY 


— - br 


the Power requires. 


— 1 — 


70 ee Rm” I 


0 — — 


Dre g. 
For — — 755 But e „ 
n by 


Again, ſuppoſe it were require to | divide . 
* 


an 2 bt 1 Caſting off c — tin both, it wilt be aa a; 
e : 


'C 


eee Kc. 1 3 


4 ** 
* a. n 


”= = 
_— W _ 2 


Seck. 8. Involution f Fraffionil | Quantities. 


Neue the Mater into il ſelf for a new Numerator, and. the 


Denominator into itſelf far.a new Denominator ; each as often as 


Thur | F * —.— 

1 7 24 a — © | 

1 yy "Jbbcc FI TY ET7 . 
= 6 Ty 7722277 42 % — 24 +cc 


eee 47% 


aaa8aautd K 


—— e 


5 Sect. 9.  Evolucion of Fraftional Quantities. 


JF the Numerator and Denominator of the Fraction have each 


of them ſuch a Root as is required (which very rarely happens) 


then evolve them ; and their relpective Roots will be the Nume- 


rator and Denominator of the new F raction required. 


Thus gaabbaab2ab|-bb 
"IJ 44d jaa—2ab+bb. 
| pay cbs... 
T an? l 2 24 la — 5 
Again x FCC +3000 +666 
— aaa—3aab+3Zahb—bbb 
rel 34 | 4 +6 
oY 24 | a—b 


_— *— 


Se metimes it ſo falls out, that the Numerator may have ſuch a 
Root as is required, When the Denominator hath not; or the Deno- 


minator 


— — 


i —_—_—_— 


| Of Surd Quantities. 1 
mimnator may have ſuch a Root, when the Numerator hath not. 
In thoſe Cafes the Operations may be ſet down. 


; Chap. 4. 


Thus 144 bh .aaa+1bb—dd 

| d aa+2ab+bb. 
„„ ELITIST |: 
x ww * 2 aaa +4 — . 


— 


— 


But when neither the Numerator, nor the Denominator have 
juſt ſuch a Rot as is required, prefix the radical Sign of the Root 
to the Fraction; and then it becomes a Surd ; as in the laſt Step, 
which brings me to the Buſineſs of managing Surds | 4 


—_— 


> CHAP Iv. 
2 - Of Surd Quantities, 
T H E whole Doctrine of Surds (as they call it) were it fully | 


handled, would require a very large Explanation (to render 
it but tolerably intelligible); even enough to fill a Treatiſe it- 
ſelf, if all the various Explanations that may be of Uſe to make 
it eaſy ſhould be inſerted ; without which it is very intricate and 
troubleſome for a Learner to underſtand. But now theſe tedious 
Reductions of Surds, which were heretofore thought uſeful to fit 
Equations for ſuch a Solution, as was then underſtood, are wholly 
Jaid aſide as uſeleſs : Since the new Methods of relolving all Sorts of 
Equations render their Solutions equally eaſy, although their 
Powers are . ever ſo high. Nay, even ſince the true Uſe of 
Decimal Arithmetich hath been well underſtood, the Buſineſs of 
Surd Numbers has been managed that Way; as appears by ſeveral 
Inſtances of that Kind in Dr. ZYallis's Hiſtory of Algebra, from 
Page 3%; $0:29; FC of ee wt 
 1fhall therefore, for Brevity Sake, paſs over thoſe tedious Re- 
ductions, and only ſhew the young Algebraiſt how to deal with ſuch 
Surd Quantities as may ariſe in the Solution of difficult Queſtions. 


Sect. 1. Addition «1d Subtraction of Surd Quantities. 
Caſe 1. W HEN the Surd Quantities are Homozeneal, (viz. 


are alike) add, or ſubira the rational Part, it they 


5 — 22 2 — —2 
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are joined to any, and to their Sum, or Difference adjoin the. 
Irrational « or Surd. 


Endteples in Addition. 
| 54/ bc 6b ac DAC 
74 be] 4byac}] 3by/ aa þcc 
142130124 bcliobyacl gb yaaee | 
I 4 43 940 543 1 bc: F207 


3bc:5/Jaa+d 
\ nut "no, £m nll 


12 4 yaa Tc. eee 
1-421 3 2 8 — 


F in Subtraction. 
12 756 105 Ya 439% 4c 
| i 15 — 
. 


aby ac|3by aa +cc 
e — AL 


5d: . ; 2 3 TCE7 
44: 3944 e abc: 5742 JJ 4 


——ů———— —— 


d: — 2.92 2 — 44 e * 7 CALLE TOE | 


eee 
eb dies: art; oe al 4s; om : 


"IVY Arne 
2, > as 
HEL)» 400 Ge BAS Son og te 
9 ＋ r 


1 


= 2 


| Caſe 5 Wen the Surd eee are 8 „ 
their Indices are unlike) they are only to be added, or ſubtracted 


by their Signs, viz. + or —. And from thence will ariſe Surds 
either Binomial, or Reſidual. 8 | 


— 2 ns ot 3 
. A 
” 
r * 


* 


. * 
9 
* 
—_— 
— 


Examples in Addition. 
11197297 44% a | vw ac—ba 
- Porn F Nee 
1421 . le ee — —.— 
d in Subtraction. . 
11 1 DDA e 
12 x ba 6d d—2a/bd+dd | 
1 3 3 T b—dy/ —— —d 1-24 MES . 


ect. 


nn 


— — — - — - — — 


Chap. 4. Of Surd Quantities, 73 
Sect. 2. Multi plication of Surd Duantities. 
Caſe . W HEN the Quantities are pure Surds of the ſame Kind; 
multiply them together, and to their Product prefix 


their radical Sign. TY 
| 1 EXAMPLES. 1 
198 A IVa 
* | ca. Sans ry 
1x2 [bel . r 


Caſe 2. If Surd Quantitics of the "OR Kind (as before) are 
joined to rational Quantities, then multiply the rational into the 
rational, and the Surd into the Surd, and join their Products 


 rogeche, 
EXAMPLES. . 
Þ 4% i lecdy ba da [icy ab. 
3044 8 8 
| — —— — 


9 5 J 3 | 3dby bc] i5eday/beas + dear | 75 Jab 
Sect. 6. - Diviſion of Surd Sei. 
5 Caſe I. I HEN the Quantities are pure Surds of the ſame Kind, 


and can be divided off, (viz. without leaving a Re- 
mainder) divide them, and to their Quotient prefix their "radical 


Sign. 
EXAMP LES. 
1119532 /bcaadcaa 55 
| | Jo 3 /aa—bb et 
1—2 3 yo. lyba+de — : 


rh; apa” 


"Cuba, If Surd lates. of the 1 Kink. are joined to 
rational Quantities; then divide the rational by the rational, if it 


can be, and to their Quotient join the Quotient of the Surd | 
divided by the Surd with it's firſt radical Sign. 


EXAMPLES. 
i 15 4 bi ez dean DI Ea 

If 172 Ab Bed &. 4, 
122131 4% 5 d /b ＋ da 115 46 


N te, 


g — 5 * * * 1 . 2 7 1 2 
mon . a 2 pra 13G i C4 Abe: RIS * r — 2 — 7 
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Part II. 


* „ 


Nole, If any Square be divided by it's Root, the Quotient will 


be it 8 Root. 


EXAMPLES. 


I a bb +2bc+cc een 0 
15 2 72 / bb 4 2be ec / a4 —2bbaa + # N 
Lee . | 


Set. 4. Involution of Surd Quantities. 


Caſe I, WW HEN the Surds are not joined to rational Quantities ; 
they are involved to the ſame Height as their Inder 


denotes, by only taking away their radical Sign. 


EXAMPLES. 


Fa . 
162] 141 bea. © 1 3 244 


Caſe 2. When the Sure are s to ga Ongniitich in- 
volve the rational Quantities to the ſame Height as the Index of 
the Surd denotes.; then multiply thoſe. involved Quantities into the 
Surd Quang, after their radical Sign 1s taken . as before. 


E XAML ES. 


5 1 4 e 
182 2 al25d4ddca | 9bbaa—gbbdd Es 
115 3 bc 3d: 3/aa+bb 4: 


1832 | aaabec | 27 r het Son bode dddaaab 


The Reaſon of only taking away the W Sign, as in Caſe "74 
is eaſily conceived, if you conſider that any Root being involved 
into itſelf, produces a Square, c. And from thence the Reaſon 
of thoſe Operations ET by the ſecond Caſe may be thus 


ſtated. 


Suppoleby/a = x. Then LH a= * Per Anion 4. and both 


Sides of the Equation being equally ont it will be a = 

=, Then multiplying both Sides of the Equation into bb, it 

2 

becomes h b a = x x per Axiom 3. W hich Vas to be proved, 
Again, 


11 


j4 


Concerning the Nature of Equations, 1 Bow to \prepare 


Chap. * ——— Sad Quäntities. 


Fel 
yy" 


a I —— 
Again, Lt 5dy/ came: Then e = Eo c a 


a 


Xxx 5 
e 


Alſo from hence it will be eaſy t to . hat Reafan of 90045 
plying Surd Quantities, 1 to both the n, F or 


E | | Vas 72 71 Example I, Of 1. 
neee | 
| 5 


gd 


20 2 „ r 4 | 4 2 5 
3 * 4 2 = zZx x. per Axiom 2. —. 
5 0 a 2 5 D 2 x. which was to be e 
I ; = OEM I. cis 2. 14 
I -— 4 . 
5 | V 4 
4 25 | „ ie e 
4* 35 MP a þ * WEL 15 what is proved above. 
1 2; 
tx 364d | 6]33 N 4 S x, Kc. for the ret. 


* * 


. 


Divi on being, the covert to Maliphication, needs no other 
Proof. 


; e n 1 : 1 ah 88 K r ä — : D * * 
, * 1 . 5 


CHAP. V. 


them for @ Solution. 4s 
W HEN any Problem or Queſtion is propoſed to be * 


' tically reſolved; it is very requiſite that the true Deſign or 
Meaning thereof be fully and clearly comprehended (in all it's 


Parts) that fo it may be truly abſtracted from ſuch ambiguous 


Words as Queſtions of this Kind are often diſguiſed with; other- f 
wile it will be very difficult, if not impoſſible, to Rate the. 


Queſtion right in it's ſubſtituted Letters, and ever to bring it to an 


Equation by ſuch various Methods of ordering thoſe Letters a8 the 
Nature of the Queſtions may require. 
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Nov the — of this difficult . of the Work i is only to to 
be obtained by Practice, and a careful minding the Solution of ſuch 
leading Queſtions as are in themſelves very eaſy. And for that 
Reaſon I have inſerted a Collection of ſeveral Queſtions ; 3 wherein 


there is great Variety. 


Faving got ſo clear an Underſtanding of the Queſtion propoſed, 2 
as to place down all the Quantities concerned in their due Order, 
viz. all the ſubſtiruted Letters, in ſuch Order as their Nature 


requires; ; the next Thing muſt be to conſider whether it be limited 
or not. That is, whether it admits of more Anſwers than one. 
And t to Gſeover that, obſerve the two ben Rules, 


; R U L E. 
IVhen the Number - of the Duantities 1 exceed 4 N. umber f 


| the give Equations, the Nuten is capable of innumerable 7. 


EXAMPLE. 


| Suppoſe P Queſtion were propoſed thus; there are three ſuch X 
Numbers, that if the firſt be added to the ſecond, their Sum will 

be 22. And if the ſecond be added to the third, their Sum will 
de 46. What are thoſe Numbers ? : 


Let the three Numbers be repreſented by three Letters, 5 


call the firſt a, nn ſecond / 0 and the third y. 


Then | $ ef e= — * according to the Queſtion. 


Here the 8 of Quantities ſought are * a, e, y, EY | 


the Number of the given Equations are but two. T herefore this 


Queſtion is not limited, but admits of various Anſwers ; becauſe 
for any one of thoſe three Letters you may take any Number at 
Pleaſure, that is leſs than 22. Which with a little Conſideration | 


will be very wy. to conceive. 


RULE. 2, 


When the Number of the given E guations ( not depending upon one 
another) are juſt as many as the Number of the Quantities ſought ; 
then is the Dueſtion truly limited, viz. each Quantity fought bath | 


Baut one ſingle Value. 


As for inſtance, let the aforeſaid Queſtion be propoſed thus. 
There are three Numbers, (a, e, and y, as before) if the firſt be 
added to the ſecond, th. ir Sum will be 22; if the ſecond be added 


10 


* 
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to the third, their Sum will be 46; and if the firſt be added to 
the third, their Sum will be 36. What are the Numbers ? That 
is, 42 ＋ = S 22. e+y = 46. and 4 5 = 36. Now the Que- 
ſtion is perfectly limited, " hack NG having but one 
* Value, to wit a-= 6, e=16, and y = 30. 

B. If the Number of the given Equations exceeds the Num- 
ber of the Quantities ſought ; they not only limit the Queſtion, 


but oftentimes render it impoſſible, by vey propoſed inconſiſtent 


one to another. 


Having truly ſtated the Queſtion i in it's ſubſtituted Letters, and 


found it limited to one Anſwer (or at leaſt ſo bounded as to have 
a certain determinate Number of Anſwers) then let all thoſe ſub- 
lituted Letters be ſo ordered or compared together, either by 
adding, ſubtracting, multiplying, or dividing them, Oc, accord- 
ing as the Nature of the Queſtion requires, until all the unknown 


Quantities, except one, are caſt off or vaniſhed ; but therein great 
Care muſt be taken to keep them to an exact Equality ; ; and when 
that unknown Quantity, or ſome Power of it (as Square, Cube, 


Oc.) is found equal to thoſe that are known; then the Queſtion 


is ſaid to be brought to an Equation, and conſequenyy to a So- 
lution, v2. fitted for an Anſwer. 


But no particular Rules can be preſcribed for the caſting off, 


or getting away Quantities out of an Equation ; that Part of the 
Art is only to be obtained by Care and Practice. And when that 


is done, it generally happens ſo, that the unknown Quantity 
which is retained in the Equation, is ſo mixed and entangled with 


thoſe that are known; 3 that it often requires ſome Trouble and 
Skill to bring it (or it's Powers, c.) to one Side of the Equation, 


and thoſe that are known to the other Side ; (ſtill keeping them 
do a juſt Equality) which the ingenious Mr Scooten, in his Prin— 


cipia Matheſeos Univerſalis, calls Reduction of Equations. 

The Bulineſs of reducing Equations (as of me/t, if not. all 
Algebraic Operations) is grounded and depends upon a right Ap- 
plication of the five Axioms propoſed in Page 146, and therefore, 
if thoſe Axioms be well underſtood, the Reaſon of ſuch Operations 


muſt needs appear very plain, and the Work be caſily We 


- a in the following Sections, 
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Sect. 1. of Reduttion ty addition, 


REDUCTION by Aldition is grounded upon Axiom 1. 
and is only the tranſpoſing (vg. the removing) of any Nega- 


tive Quantity from either Side of an Equation to the other Side, 


with the Siga + before it; as in theſe N - il 
- EXAMPLES. ry of F 
a—b—=d| Again, 


Suppoſe | 1 
Then | 2Ja=d+6b] © Let E aa—d=c—aa 
For 34 65=b| 1+4d|2] aa= -e] 
1+3 4142645 Cavs g 2 m2o+4 


the 
K „ 9 — — — 


3 1 6 Note, When any ole Number | is 
et nes regiſtered in the Margin, you bag oo draw 5 
a=6 1 a Line over it. to diſtinguiſh i it from the | 1 
2 1. 11 a= 6 4 42 2 16 other Numbers. As v in the 2d W of 7 


this Example. 

"yo? [1 1 =dd—2ba 
143542 4e 44-2245 
2+dc|3laa=dd—2ba+b+dc 
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duppoſe 1 l 2da—d=tc—bea—can 
1+aaal2}aaa+2da—d=ic—3Jbaa 


3+4|4| NO I CR RES SIC &c. 


Sect. 2. Of Reduction by 6 


5 RF DUCTION by Sabtraction is grounded upon Axiom 2. 


and 1+ performed <A tranſpoſing (or removing) any Affii ma- 


tive Quantity from either Side of the Equation, to the other Side, 


with ine Sign — before it; as in theſe 


EXAMPLES. 


Suppoſe-| 1]a+b=d| Let|1 341264 
And 2 b—b 1— 4 2]12a+4=06 T 
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Set. 3. Of Reduction by Multiplicatton. k 


F RACTIONAL Quantities, in any Equation, are brought 


into whole Quantities by multiplying every Term in the 
Equation with the Denominators of the FraQtions, per Axiom 3; 


EXAMPLES. 


Suppoſe | 1 | =. =6. 


| Then E 6 5 3b. For 5A . 
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Sect. 4. Of Reduction by Diviſion. 


W HEN any Quantity (either known or unknown) is in every 

Term of an Equation, if the whole Equation be divided by 
that Quantity, it will be reduced into lower I erms, per Axiom 4. 
as in theſe following Examples. 
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Or when the RENTED Quaikiry'i is multiplied (viz. joined) wit! 
any that is known; let the whole Equation be divided by the 


| known Quantity, that fo the unknown may be cleared; as in 


theſe 
EXAMPLES. 
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„ Reduction by Involution. 
HEN there happens to be an Equation, between any ho- 


h mogeneal or like Surds, take away the radical Signs from 
the Quantities, and they will become rational ; as in theſe 


EXAMPLES. 


Suppoſe iV +<1]Let ae ul. per Sea. 
161 7 42 1 +4; 12 0 a a= 5 2 | 


Or if one Side of the Equation conſiſts of Surd Geddes and 
the 0: her Side be rational, then involve the rational Quantities to 


the 
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the fame Power 7 Height) with the Index of "ON Surd, "and take 
away the n Sign; as in theſe 
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one Side of an 
according as the Index of that Power denotes, ang their Roots will 
be — as in 3 | 


| EXAMPLES. 
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WHEN any ſingle Power of the unknown Quantity i is on 
| e evolve both Sides of the Equation, 


— — as 
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01 if any ce Paving of the unknown Quantity be on 
one Side of the Equation (that hath a'true Root of it's kind) evolve 


both Sides of the Equation, and it will be depreſſed into lower 


Terms; as in theſe 


EXAMPLES. 
"Sos js +2b0+bb=ddee—2botb=ddce 
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Hears follow : a few ns clearing Equations, wherein 


all the foregoing Reductions are promiſcuouly Wy as s Occaſion 


requires. 
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By Help of theſe ReduQtions 3 applied) the 8 


Quantity (a) or it's Powers, are cleared and brought to one Side 


of an Equation ; and if the unknown Quantity (4) chance to be 


equal to thoſe that are known, the Queſtion is anſwered: as in 


the firſt Example of Se. 1, and 2. Or if any ſingle Power of 


the unknown Quantity (a) is found equal to thoſe that are known, 


then the reſpective Root of the known Quantities is the Anſwer ; 
as in the firſt four Examples of dect. 6, &c. 

But when the Powers of the unknown Quantities are either 
mixed with their Roots, as aa 4-ba = dd, &c; or do conſiſt of 


different Powers, as aaa + baa dd, Kc: : Then they are 
called Affected, or Adfected Equations which require other Me- 
' thods to reſolve them ; 3 UiZ, to find out the Value of (a) as > ſhall 


be ſhewed further « on. 
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s V 7 f A T hath been ſaid of Numbers in Arithmetical Pro greſ- 


— — neg — — 2 — 
844 orc; 11 ln .: :- Part 11, 


CHAP. VI. 


5 of 19;0poztional Quantities ; 55 arithmetical, 


Geometrical, and Muſical, 


2 


fron, Chap. 6. Part 1. may be eaſily applied to any Series 
of Homogeneal or like Quantities. 


— — 


— — 


Sect. 1. of Quantities in Arithmetica Peg kein. 


'F* HOSE n are ſaid to be in the moſt ſimple or na- 


tural Progreſſion, that begin their Series of b or De- 
creaſe with a Cypher: 


10:33:24: 3a: 40: 5a: 6 &e. increaſing, | 
Thus} o, 2: — 24:34: — 44: 5 4: — ba: :&c. decreaſing. 


Or Univerſally, putting à the firſt Term in the Progreſſion, and 
£ the common Exceſs or Difference. 


Then 12 :a+e:a+2e:ahÞ+ ze: a +4e: 2 ＋ 5214 ＋＋ be Kc. 


42:4 te 25: — 3e: 4— 4:4 — 5e: 4 — 6e: &c. 


In the firſt of theſe Series it is evident, that if there be but 
+ Terms, the Sum of the Extreams will be double to the- 


ean. 
As in theſe, o: 4: 241 or, 4: 23: 34: or, 24: 33: 4%, Kc. 


diz. 24: TOS: or, 4 ＋ 34 2 24 1 22, &c. 
Alſo, in the ſecond Series, either increaſing or decreaſing, it is 


evident, that if the Terms be 416 4-e:a+2 0, &c. increaſing ;\ 4 


then a+&4a +2e, viz, 2a+ 2 e the Sum of the Extreams, is 
double to @ + e the Mean, or if they be 4 4 — e: 4 — e, &c. 
decreaſing ; then 4 +a—22e: viz. 2 a — 2 e the Sum of the 
Extreams, is double to a — e the Mean. And ſo it will be in 
any other of the three Terms. Secondly, if there are four Terms; 
then the Sum of the two Extreams, will be equal to the Sum of 
the two Means; as in theſe, a2: a e: a ＋ 2e: 4 3e, in 
the Series incteaſing; here à +a ＋ 3e = a +e +a+2e. 
Alſo in theſe, 4: 4 — : 4 — 2: 4 - Je in the Series de- 


creaſing; 5 a —e-|- 4 — 2, &c. in any 


other four Terms. 


Conſequently, If thete are ever ſo many Tan in the Leries, 


the Sum of the two Extreams will kak ad be equal. to the Sum 


of 
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of any two Means, that are equally diſtant from thoſe Extreams. 
As in theſe, 4: a Te: 4 ＋ 2 : 4 4 3 4:4 15e: &c. 


Here a T, Se = TTA ＋T4A = ＋t ze 4 3e, &c. 
And if the 9 of Terms be odd, the Sum of the two Ex- 
treams will be double to the Middle Term, Cc. as in Corol. 1. 


Chap. 6. before- mentioned. 
CONSECTARY I. 


Whence it follows, (and is very eaſy to conceive) that if the Sum 


F the two Extreams be multiplied into the Number of all the Terms 
in the Series, the Product will be double the Sum of all the Series. 


1 . the eaſter reſolving ſuch Quęſtions as depend upon theſe 
Progreſſional Quantities, 5 ͤ an ena, | 


42 S the firſt Term, as before. 

IS the laſt Term. a TY 

Let $ # = the common Exceſs, c. as before. 

Ng the Number of all the Term. 

ES = the Sum of all the Series, viz. of all the Terms. 


| Then will a + y x N=2 , by the B 
that is, Na Ny — 28. Conſequently N — 2, the 


Sum of the propoſed Series. Thirdly, In this Series it is eaſy to 


perceive, that the common Difference (e) is ſo often added to the 


laſt Term of the Series; as are the Number of Terms, except 
the firſt ; that is, the firſt Term (a) hath no Difference added to 
it, but the laſt Term hath ſo many times (e) added to it, as it 18 


diſtant from the firſt. „ c 18 
Conſequently, the Difference betwixt the two Extreams, is on- 
ly the common Difference (e) multiplied into the Number of all 
the Terms leſs Unity or 1. That is, N—1xe y- 4, the 


Difference betwixt the two Extreams, viz. Ne — e =y —4. 
CONSECTARY 2. 
Mpence it follows, that if the Difference betwixt the 1200 Extreams 


be divided by the Number of Terms leſs 1, the Quotient Will be the 
common Difference of the Series. Ss 
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DV. No by tbe Help X theſe two Conſectaries, if any three of | 
the aforeſaid five Parts (vixò a. v. e. N. S.) be given; the other 
two may be eaſily found. 


Na+MNy 
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5— 4a 
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as before. 
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Nr 8 1 
y—a+e=Ne | 1 5 \ 
2 ee . £ 7 . the Number of Terms 
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Na = 28S Ny 


== y, the laſt Term, 


2 — = a, the firſt Term. 


N 
28 —N, the Number of Terms. 
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—.— e, the common Difference 
8383 tf y 


Vea ==. the laſt Term. 
Ve A= YY Te 


| + . end the fl Term. 
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er you may proceed to find out any of the five 
Quantities (a. e. y. N. S.) otherwiſe, viz. by varying or com- 
paring thoſe Equations one with another, you may produce new 


Equations 


4 — 2 TY ='2 S, Sum of all he Series 
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Equations with other Data in them; the which I ſhall here omit 
_ purſuing, and leave them for the Learner s Practice. 


Sect. 2. Of Duantittes in Geometrical Proportion. 


G EOM E TRICAL Proportion continued has been already 
defined in Set. 2. Chap. 6. Part 1. And what is there 


ſaid concerning Numbers in = may eaſily be applied to any Sort 
of Homogeneal Quantities that are in <=, 


The moſt natural and ſimple Series of Geometrical Propor- 
 tionals, is wen it begins with — or 1. 


„ 44 44. 442. 1 6 &c. in 


n a a:: 41444: : 444: 44 aà a, Kc. 
Or a. 3. 2 B, ure Terms in + 
| „ "009-0. 
” 4 3 
For a: b: 1 ,989...945 22 EL. #, Ge. 


) aa a 43 


That is, when all the middle Terms betwixt the two Extreams 
are both Conſequents and Antecedents, that Series is in Geome- 


trical Proportion continued. Therefore in every Series of Quan- 


tities in all the Terms except the laſt are Antecedents; and 


all the Terms except the firſt are Conſequents. But univerſally, 


putting à the firſt Term in the Series, and e the Ratio, viz. the 
common Multiplier, or Diviſor ; then it will be 


e e. es a es. &c. in = 


4 * 1 3 
Or a. .— 25 — 3 . 1 Ke. are in + > decr, 
Ss % iet ent 4 | 


| 5 aasee 
For a: ae: : ge: 


=@aee, &Cc. 
a aa a a & ü ͤ W „ 
„ = —. 4 — 2 — . — 5 &c. | 
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I. In | any of theſe Serieſes it is evident, that if three Quan'i ities 
are in =, the Rectangle of the two Extreams will be equal to 
the 8 of the Mean; as in theſe, a, 4e. ae e, here a * 4e. 
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Or a. — =; here alſo ax — © x © = , &c. 
64 V 


l. Tf four Quantities are in + - the Rodungle of the Extreams 


will be equal to the Rectangle of the Means. 


As in theſe, a. ae. dee. acee; dere = 00 X 006 


TE: # #4 
Or. . 2 ; herealſoax £ = Ent um Cy dc 
| „ile VVV 7 ORs Por 


Conſequently, If there are ever ſo many Terms in the Series 
of ==, the Rectangle of the Extreams will be equal to the Rect- 


- angle of any two Means that are equally diſtant from thoſe Ex- 


treams. 


"As bn thats.” a. ae. ace. geee . 4“ . ares 
Viz. a es x K ae. Or des x 2 eee e 


III. If any Number of Quantities are in = it will be, as any 
one of the Antecedents is to it's Conſequent; ſo is the Sum of all 


the Antecedents, to the Sum of all the Conſequents. 


&53 47 % YT aeee.arert,. a es, &c. increaſing, 


theſe, Ao =— © ==— @ wnnn— g 2 


Boda decreaſing. 
e F#8  FFE EXFF FI 


a:ae::a+ ae wa a8 +aft:aÞarea8 bart +46 


Ora: 1 7 ＋ 7. 7 1 1 


5 +=» viz. « F77 Farr F TEILEID = 40. 
. . 


That is, the Rectangle of the Extreams is equal to the Rect- 
angle of the Means; per Second of this „ 

Note, The Ratio of any Series in increaſing, is found by di- 
viding any of the Conſequents by it's Antecedent. = 


Thus, a) ae (e Or ae) aze (e, &c. 


But if the Series be decreaſing, then the Ratio is found by di- 


viding any of the Antecedents by it's Conſequent. 


2 
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Thus, 4 a (e Or £3 £ e, &c. 
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CONSECTARY. 


Theſe Things being premiſed, ſuch Equations may be * from 


them, as will ſolve all fuch 9 as are uſually propoſed about 
uantities in Geometrical Proportion ==, In order to that, 


42 = the firſt T erm. 28 FN 


L 2 = the common Ratio. 


y = the laſt Term. 
LS = the Sum of all the Terms. 


Then $— S the Sum of all the Artecedents, 
And S—a = the Sum of all the Conſequents. 


Analogy.| IIa: ae:: S-: S — a, per HI. of this . 
| 1 %* eee ang 2 
2 4 3S$—a=eS—ey 
3 45 +ey—a=eds 
8 f 4 => 58 
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ee FG S, the Sum of all the Series. 
bt 


S e, the common Ratio, 


3 8ſe y Se S＋4A—- 
. — WY the laſt Term. 
e | 
ß 
1 the firſt Term, 


Nute, The .. ſet in the Margin at the ſecond So: is r 
of ergo; and imports that the Rectangle of the two Extreams in 
the firſt Step, is equal to the Rectangle of the Means. And ſo 


for wy other Proportion. 


Sect. g. of Darmonical Proportion. 


— 


F ARMONICAL or Muſical Proportion is, when of ten - 


Quantities (or rather Numbers) the firſt hath the ſame Ratio 
to the third, as the Difference between the firſt and ſecond, hath 
to the Difference between the ſecond and third. As in theſe fol- 


lowing. 


Suppoſe a, b, 14 in Muſical Proportion. 
Then 55 2 — 43: c — 25 
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ch =2ac — 3 
- 5 df = 45 the firſt Term. 


2c —b 


[2ac=cb+ba 
pag =b, the ſecond Term. 


Algeben. 8 Part II. 


1 there are four Terms i in Moſical Prog; the fiſt hath 


the ſame Ratio to the fourth, as the Difference between the firſt 
and ſecond hath to the Difference between the third and fourth, 


That is, let a, ö, c, d, be the four T erms, Ec. 


Rs Then| 144: d:: 3— 32:42 
1 tw => 
2  d 3 db a da- 44 - 
—ů— 8 
2 — 4 uy 
3 5665 d 
3776406 14% 24 
6 — 4597 jc ca 2 2d4 — 41 
; 72 438 — _ >. 
ISS e e 
72 1 24 —6 pf 
yr" ” 2 
c H A P. vi. 


of Proportio Disjunct. and bow to turn Equal? jons into. 


Analogies, &c. 


PROPORTION Disjunct, or the Rule of Three in. 
Numbers, is already explained in Chap. 7. Part 1. And 


what hath been there ſaid, is applicable to all a 


Quantities, viz, of Lines to Lines, Sc. 


Seck. 


002300 
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ak. tt te. — 
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SECT. 1. 
F four Quantities, (vix. either Lines, Superficies, or Solids) be 


© Proportional; the Rectangle comprehended under the Extreams, 
is equal to the Rectangle comprehended under the two Means. 


(16 Euclid 6.) | es 
For Inftance, Suppoſe a. b . c. d. to repreſent the four Ho- 


mogeneal Quantities in Proportion, viz. a:b:: c: d; then will 
ad=bc. For ſuppoſe b = 2a, then will d = 2c, and it will 
be a: 24: : c: 2c. Here the Ratio is 2. Buta x 2c=2a xc. 


Viz, 2ca=2 ac. Or ſuppoſe 5 = Ja, then will d= 3c, and 
it will be a: 3a::c: 3c. Here the Ratio is 3. Butax3c 
=3JaXc. Viz, Zca=Jac, Or univerſally putting e for the 


Ratio of the Proportion, viz. making þ = a e, then will d = ce, 


and it will be 2: ae: : c: ce. But à Xx c g α t, viz. ace 


Saec. Conſequently, a d = b c, which was to be proved. 


Whence it follows, that-if any three of the four Proportional 


Quantities be given, the fourth may be eaſily found ; thus, 


Let] 1 a: 5: . c: d 
1.2 [d = be as before 
4 b . 
2 — 440 = 2 
1 
ad 
2 — 45 - 
2 4 6d = be 
I. a _c as MNote, In this Manner Euclid, in 
2++bd7|,—7 his 5th Book, expreſſes the Ratio 
EE Jof Proportionals, viz. the Ratio of 
Te oo ; = _— 
Or 2 - 4408 5 6108 Ware 


9 


4 


If four Quantities are Proportionals, they will alſo be Propor- 


| tionals in Alternation, Inverſion, Compoſition, Diviſion, Con- 


verſion, and Mixtly. Euclid 5. Def. 12, 13, 14, 1 5, 16. 


3 That 


— — 


TS. FER 37 OS OO 


That is, if 1]a:b::c: 4 be in direct Proportion, as 3 
Then] 24: c:: ö: 4, alternate. For a 4 = bc. 
And 30% 4 inverted, For a d = bc. 
Alſo] 4Ja +6b:6b::c + A4: d; compounded, 
45'S da+bd=bc ＋ 5a, that is, 44 = b c, as before. 
Or 6 ＋ ::: : d; alternately compounded, 
6 [ Fad + cd = bd Ted. that is, ad = be, 
Again, 8Pa—b:b::c—4d: d, divided. 
EE gjad—bd=be—bd, that is, a d be. 
Orjtoſa—c:c::b—d: d, alternately divided. 


10 =I A- = be , that is, ad=bc. 


— 
— 


And 8 php „ converted. 
12 13] 4 Face Tac, that is, a d = bc. 
Laſtly 14a T5: 2 5: : ＋ 4: d, mixtly. 


14 is FEY PRES 7 PSP Hy 2 IP 1 
15 ＋ 16. a 2 tat in, — as at firſt, 


K 
—þ_ 


Note; What has been here done about whole NES in 
Simple proportion, may be cally performed in Fractional Quan- 


_ tities, and Surds, Sc. 


For Inſtance, 1 — . E, = OS x 
find the fourth CN it will be 


2 25 


Fe - 


* the Rectangle of che 


Means; which being Ariel by che firſt Extream 5 will be- 


© the fourth Term. 


20 (f Wy 


come — } kk 
| ec Ie 4 be | 77 


Or if ): y ba + berry bdobe: to a fourth Term. Then 
is, / bd + 1 b 4 + bc=bd+bctheReQangle of the Means; 
3nd b)b4-1-bec (4 + cthe fourth Term. That is, &: * be 


:o/ bd +0 ＋ : 9 55 225 


— 4 
— £ 


Sect. 2. of Duplicate ad Tripkcate Proportion, 


T HE Proportions treated of in the laſt Section, are to be un- 
derſtood when Lines are compared to Lines, and Superficies 

to Superficies; or Solids to Solids, viz. when each is compared to 

that of it's like Kind, which is only called Simple Proportion. 


But 


and if it be required to 


PP num 


US NN a a 


TY 2 — n 2 . p * - » ** " n , Mato r n 
- * ” _— r S | © ; > 2 = ne oF i oat” CAR. x 79 g : "10>" 3 n 5 AS a dah . _ LOWS * SA IVE Co EE LAS 1 
. > w 22 N 2 2 * .-— 1a ee r =} 5 i — * Wn 0 3 r 3 * \ 93989 W Tt Sat 8. x4 2 4 — 4 * . 8 by 0 
5 — N E B e 4 VIC n * - & R en N 6 3 N S AC 3 * N F 0 
e . N F 5 ö n * 0 "IE Ee... rg OI Fob, 8 hats 33 IIS TLC SS; - 23,4 V 7 3 FF 
5 » 8 E 9 0 1 n n — 1 8 Der NY SSSI Ea ST . 2 27 OE os, ny * r 
Wks - n — 2 * 8 5 _ 2075) vs LIES - 2 3 e L ne . 2 A P 
> s 5 < - 2 * © * W 2 
o —— — 3 x, q = 7 © = * 


F 
. 
7 
9 


be that of à to b, whoſe Ratio or Exponent is 4 * 


plicate. 


Triplicate Proportions, &c. 


n 7 5 * 4 * 
CTC 
ONES: 
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But when Lines are eompared to Superficies, or Lines are com- 
pared to Solids, ſuch Compariſons are diſtinguiſhed from the for- 


mer, by the Names of Duplicate, and Triplicate, (&c.) Propor- 


tions; ſo that Simple, Duplicate, and Triplicate, c. Propor- 
tions are to be underſtood in a different Senſe from Simple, Double, 
Treble, &c. Proportions, which are only as-1, 2, 3, Cc. to 1; 
but thoſe of Simple, Duplicate, Triplicate, Ic. Proportions are 


thoſe of a.44.444., Kc. to 1. Or if the Simple Proportion 


Then . 2 7 = = is the Exponent of the Du- 


> 


And © x © x i the Exponent of the. 


And if there are three, four, or more Quantities in =, as 
14a, aa. aa. 4. a5, &c. (as in the firſt Series, Se. 2. of 
the laſt Chapter.) Then, that of the firſt to the third, fourth, 
and fifth, c. (viz, I toaa.aca. at. as) is Duplicate, Tri- 
plicate, Quadruplicate, &c. of the firſt to the ſecond (viz. of 1 


to ;) and by Inverſion,” that of the third, fourth, fifth, is Du- 


plicate, Triplicate, Cc. of that of the ſecond to the firſt (a to 1) 
per Def. 10. Eucl. 5. But the Name of theſe Proportions will 
appear more evident, and be eafier underſtood when they are ap- 

| plied to Practice, and illuſtrated by Geometrical Figures, further 
= TTL 7: 


* = " * * 


— — FI 64. As AS.> TY ow.» &@ —1S J. TT 


Sect. 3. How to turn Equations into Attalogties, = 


F ROM the firſt Section of this Chapter, it will be eaſy to con- 


ceive how to turn or reſolve Equations into Analogies or Pro- 


portions. For if the Rectangle of two (or more) Quantities, be 


equal to the Rectangle of two (or more) Quantities ; then are 
thoſe four (or more) Quantities Proportional. By the 16 Eucl. 6. 


That is, ifab—cd, then is a: c:: d: b, orc:a::b:d, &c, 


Fiom whence there ariſes this general Rule for turning Equations 


into Anatogies, : 


Cc ; RULE. 


RULE. 


"Divide either Side of the given Equation ( if i it can be done ) into 
two ſuch Parts, or Factors, as being multiplied together will produce 
that Side again ; and make thoſe two Parts the two Extreams. Then 
divide the other Side of the Equation (if it can be done) in the ſame 


Manner as the 2 Was, and let thoſe two Parts or Faztors be the 
10 Means. > 


For Inſtance, uuppol dl - 4 d 54 Then 4: 5 :: 4 TAP 
orb:a::b+4:d, &c. Or taking a d from both Sides of the 


Equation, and it will be a5 =bd—ad; then a: d:: b — 4: b, 


"or 5:41: : - 2 a, &. 


Again, ſuppoſe 4 ＋ 2 4e 25747 Here a and a. 2 bare 


the two Factors of the firſt Side | in this Equation ; for a 'Þ+ 26 20 
Xa==aa + 2ae. 


Again, y and 25 +y are the two Factors of the other Side; ; 


therefore, a:y::2b +y:a-þ2e,0r2b +y: 4 2e: a: y, 8c, 


When one Side of any Equation can be divided into two Factors, 


as before; and the other Side cannot be ſo divided, then make the 


Square Root of that Side either the two Extreams or the twa 
Means. For Inſtance, Suppoſe be bd = da + , then 5: 


„dag: . 4e Pg: c, or V da-j-g:b: :c+d: dag; he, 


" i So 
© Why 


9 — 


CHAP. VIII. 1 


e / Subftitytion,. and 1be Solution of Quadꝛatick 
7 n 


— 
oo 


Seck. 1. Of Subſtitution, 


W H EN new Quantities not concerned in the firſt Stating of 
any Queſtion, are put inſtead of ſome that are engaged in 
it, that A called Sub/titution. For Inſtance, If inſtead of 


„Ac you put z, or any other Letter; that is, make z = 


be -d. Or ſuppoſe aa + ba—ca+ada= Ac, inſtead oe 
＋ d put s, or any other Letter not bp 7 with the Queſtion: 
diz. U- d, then aaF5a=dc, That is, if c be greater 


than 
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than +14 it it is aa—5 a = dc; but if b + d be greater Man 
then it is aa + 5a =4dc. 
And this way of ſubſtituting or putting of new. Quantities in- 
ſtead of others, may be found very uſeful apon ſeveral Occaſions ; 
Viz. in order to make ſome following Operations in the Que- 
ſion more eaſy, and perhaps much ſhorter than they would be 
without it, as you may obſerve i in ſome-Queſtions hereafter pro- 
poſed in this Tract, , ' 
And when thoſe Operations, in which the ſubſtituted Quantis 
ties were aſſiſting or uſeful, are performed according as the Na- 
ture of the Queſtion required, you may then (if there de Occaſion) 
bring the original or firſt Quantities into the Equation, in the 5 
Place (or Places) of thoſe ſubſtituted Quantities, which is called 
Neltitation, as you may ſee further on. 
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Scl 2. 7 be Solution of Duadatic Equations: 


HEN the Quantity ſought i is brought to an Equality with 

thoſe that are known, and is on one Side of the Equation, 
in no more than two different Powers whoſe Indices are double one 
to another, thoſe Equations are called Quadratick Equations Ad- 
fected; and do fall under the Conſideration of three F orms or 


I Caſes, 

F  Caſet. 424 ＋ 234 de. ( af + 2ba dc. 

25 | Caſe 2. 424 —- 264 dc. ; And a* 2a = dc. . 

JF Caſe 3. 2ba—ada=adcr, 254¹ —&* = dc. | 

4 46 ＋ 25 4 dc. (4287 2 FN | 

pM Alſo J ab — 2ba3 dc. And: 48. 254 = dc. &c. 

2 26 a3 — a6 dc. 8 2b af — 4 = dc. 4 

= When chan r to be more Terms in one of theſe Kind 

* of Equations than two, and the higheſt Power of the unknown 
Quantity is multiplied into ſome known Co-efficients ; you muſt 

|| reduce them by Diviſion; as in SeR. 4. of Chap. 5. and for the 

1 Fractional Quantities that may ariſe by thoſe Diviſions, ſubſtitute 


another Quantity doubled. ' 
For Inſtance, let laa+can—ca—dandc+ eb, then a 4 — * 


ca ＋ 4 de+cb Ma 1 4 


© er b +c 
CS for 


= 2 &, and if you pleaſe, 


| for 


0 ᷑́ ũ » 
de pot z. Then will 24 — 2 * 4 = x be the new Equa- 


* 


5 Part II · 


tion, equal to the other, being now fitted for a Solution. 

Now any of theſe three Forms of Equations being thus pre- 
pared for a Solution, may be reduced to ſimple Powers by caſting 
off the ſecond or loweſt Term of the unknown Quantity; which 
is done by Subſtitution; thus, always take half the known Co- 
efficient, and add it to (Caſe 1.) or ſubtract it from (Caſe 2.) it's 
fellow Factor; and for their Sum, or Difference, Subſtitute ano- 
ther Letter; as in theſe. e e Tu 


Let aa ＋ 23 4 de Caſe „ 


I 
Put 2 a + — F | 5 
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But all Quadratick Equations may be more eaſily reſolved by 


compleating the Square, which is grounded upon the Conſideration 
of raiſing a Square from any Binomial, or Reſidual Root. (See 
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that if half the known Co-efficient be involved to the ſecond 
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if the Work be true; as you may objerve from the Operations af this 
Section: for bath theſe Methods here propoſed, give the ſame Theorems 

in their reſpective Cafes for the Value of (a ). 
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Thus, chen aa T 2 52 e then e 


Theorem I. a =a/ dc + bb: — 6 
And when aa — 2b — dc, then 


 Tharem2. a b. dc + bb 
Again when 25 — 4 dc, tl then 


Theorem 3. a=þ— / bb—: bb e 
The like Theorems may be eaſily raiſed for the reſt. 
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be ordered as the laſt was. 
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before. For in this Caſe, a = 18 + / 81zviz.a=18 +9 = 27, 


or, 4 = 18 —9 =9, as before. And both theſe Values of a are 


* equally true, as to forming the given Av diz. 36 4 — 4 4 
= 243. For if a , then 44 = 81, and 354 = 34 but 324 


— $1 = 243, therefore a = 9. 
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will give a true Anſwer to the Queſtion, and that is to be choſen. 
according to the Nature and 4 of the Queſtion, as 1 be 
ſhewed further on. Figs 
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Eaſy to give a Numerical Solution to any Quadratick Equation, 


that happens to ariſe in reſolving of Queſtions, Ac. And as for 
giving a Geometrical Conſtruction of them, I think it 1 
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but be purſues only the fifft Queſtion thtoughout, and breaks 


and e are found. But I have proceeded in every one of them, 


* 3 FX 


| Queſtion 35. When a and x ae given; u find the ref. 


vi. 2 BEE BE ee. +. be. 


aa—e=X= 450801 


1+2 3 taa T TNT 
_ 214 4 — = Uk£ 
1—2| 5|2ce=2=—x 
5 -—2 62 <= EDL 
k „e 
1 
3 
6 uo 8e — 
2 
YZ + x 922 
We L=, 
2 2 
al 1 = C =. 
2 2 — K* 4 
7 * 8 IIIA = bg =p 
1 N — — 
a2 21K 
1 SHH, 
* * — 2 


Theſe fon Queſtions are peel in Dr Pells Algebra; 
off in the other fourteen, after the Values of what I call 4 


5 
8 


T2008 
"$90 
"18 
8 


3 
— 
" if 


: ' a . 
gf 5 
1 . 
7 a 
* F p 
* 1 ; 
75 N 
+ 
X . 
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AQueſtion 17. There are three Numbers in continued Propor- 


Of Numerical Queſtions, 213 
to find the Values of all the unknown Quantities, becauſe they 
afford ſuch Variety, as being well obſerved by a Learner, will be 
found very uſeful in the Solution of moſt Queſtions. | 
Note, I have choſe to uſe the ſame Numbers for the refpeRtive 
Value of each Quantity throughout all the Queſtions, becauſe 
they. will be more ſatisfactory in proving the Work than various 
Numbers would have been. Not but that any Numbers may 
be taken at Pleaſure, ided that the Number reprefented by 
a, be greater than that by e, &c. I have omitted the Numerical 
Calculations purely for the Learner to praCtiſe on. 4 


! Dne en 16. There are two Numbers, the Sum of their Squares 
is 2368; and the greater of them is in Proportion to the leſs, 


as 6 to 1. What are theſe Numbers ? 


Let the greater Number, 8 = the leſſer, and z = 2368. 


Then 
And ü : : 

2 . 2[1a=be 

38. 4% F 366 


477% J the Queſtion 

3 

1.4” 85 
1—4 5 ee =z— 3 ee 
5 

7 

8 


37 e . 2 3 10 
6 37 18 = 77 = 64 | 5 " e= _ 
2 < * 
F 
8* 6 9686 48 9 
5% EY 37 - \and 48:8 ::6:1 
3 and 9110 = 48 5 


tion, the Sum of the Extreams is 156, and the Mean is 72; 
What are the two Extreams?? DR Our 


— 


Then 11424 2 5 =».4 3, 298 Queſtion. 

71422: n:: m: JQuzrea.e. &c. 
22 34 . . 

 1G*|4[aa+2ac+eemss | x 
ISS 31. 454839 


4—5 


. - 


Algebꝛa. — th 
64 e nn n e 
* 4a - 2 NA ; | 
1 2a=5 +4 55 4 mt 
| NEVIS 


2 K 
1 p _ DEI . N 2 
Ns 3 —— v7. 4-8: PR 8 x 1 7 nnn 
” K + Ya X; ; b z oy N 
3 n N n 8 , . 
of 3 ir . I 
* 1 £2 7 . . 


8-3] 9* Tart» 12: in 
„ dee 23 2 1 1 
1 —9 Is DIS i — 4. | 


the greateſt, 


Qugſtion 18. There are three Numbers in , their Sum is 
74, and the Sum of their Squares Is 1924 What are thoſe 
Numbers? 3 8 


That is, a, e, y are in 


a ＋ e i a 
a+ee+yy=2= 1924 Quære a, e, 3. 
5 


_—_ 


e 
Then 3 


1 
FF oo 
Ta LS ay = ee 
1— . ST 5 
2—ee| C e e 
| X 2 7 24 2e e 
643 8 „„ des LR 
589 44 ＋ 249 T2 hes 
8 ind 10 Sb band Beal mt 
ME SES hn I © 2, 
1122 4. 5 820 
23875 apy=$—e=50 
e 
: EE IS] 449 = 4ee = 2304 
1 70. es PANELS ä 
x7, r E 6 
13 ＋ 171802 4 = 50 +14 = 64 3 ; 
15-2] 101432 o 14 
128 19 E 185 y = 32 


Note, In all Queſtions about continual Propartionals, (either 
Arithmetica] or Geometrical) where three Terms are ſought, the 
Mean is the eaſieſt found firſt (as above) and if all the Terms be 
Affirmative, then it is equal whether the firſt or laſt Term be 


"BA / | Qusſtion 


. 


Seb. 1 "of Numerical Sehen. 3 

ueſtion 1 "There are three Numbers in — their Sum iS 
76 and if the Sum of the Extreams be multiplied into the Mean, 
that Product will be 8 W hat are thoſe re 


SW, 118: e 21:6: „ 
Vix. 214 . eee abs 1 * Nullen. 
e a 4 2—— = 1245 2 A} 
; 1 * {a9 = « e 
M a Tee 7 
Ty 53 be =5e—Þ.. . 
{+ | Gm ge] FEET RITTER. te =: 
El | 700868 ee TA 
1 8 , 9 e- 2 Nu | Theo! 
= ' | Ga $2 et rem 
a v4 lr Cb. B. 5 
2 1 11 a TY = 52 | 
A 4K 1121  a4ay=4ee=2304--- +. 
= 110*[13]aa+2ay + yy = 2704 © | f 
1 13 — 1214/42 249 +3) = =. 400. | 
4 14 15 4 - V 40 20 
1 Tr +,JS5T1692 = 52 +20. =72.. \-....T 1 
4 16—2]|17]a= 36 6" En SW 
= 1117168 LOR WIE 
5 ee ; = 


N. B. If you hs Le 5 5 — þ = == 52 fac the roth | 
Step) then it will be 76 — 52 = 24 = a + y, which is impoſſi- 
ble, viz. that the Mean ſhould be greater than the Sum of the 

two Extreams. Therefore it muſt be e =; s . 255— ons = 24. 
— page 201. F | 


: ir | * 
— 2 — ” 18 " - ; 


N , 


Queſtion 20. There : are three Nuinbers in Arithmetical = 
greſſion, the firſt being added to twice the ſecond, and three 
times the third, their Sum will be 62; and the Sum of all their 
Squares i is 275; What are thoſe Numbers? 


Suppoſe 1 a, e, y in Arithmetical Progreſſion. 5 
(2a ＋2 e435 = 62 
And f 2 „ F by the Queſtion, 
Then] 44. T = 2, per Se. I. Chap. 6. 
2—4| 5[ 2 +2y3=62—2e | 
5 — 28 Ge = 31 —e _ 
e 


9 


— 
838. NN 
5 „% =96t = 1242 ＋C4 2 
© + 10 11 22 4999 2 10 — 372 + 1922 
3— 117112 „FF | 
12 +20 % 13J21 88 = 372 164 FX 
13 — 372 624] 2] 24 we 37222 —1 7 
14 21 15 Conn PE 549 | . 
150816 27 8 — fg = 
16 w* 45 INI, e 
17 +57 = 7 7 =. or 8 5 7 the Mean, 
«4 1914 = 36, or 33% * 
8 and 19 = a=%S —231=x5, or 43 — 3 =35 
18 x 2]21]2e=18, or 173 | 
7 and 2312815 = gt — 8 Sx 13, wart 79s 


& & 2 \ 
Ss wits. 46 — >< — 5 
* 8 - : G : 


Quęſtion 21. There are three Numbers in Arizhmetical Pro- 
greſſion; the Square of the firſt Term being added te the Pro- 
duct of the other two is 567 ; che Square of the Mean being wed 
td the Product of the two Extreams, make 612 and 3 
of the laſt Term being added to the Product of the firſt into = 
ſecond, is 792: What ave thoſe Numbers? 


. 


| Suppoſe | I a, 6, 7 in Arith. Pore. as s before. 1 


III 2j4a+ye=grb J. 
Then? | $ 127725 2512 y the Queſtion 
I " yy + ae =992 | 


I4— 8 


10, 


11 and 12 1 
13 T4227 


15 w*] 


17 — 18 


1 5 = per des. 1. Chap. 6. 


ae yen zee | 
5 % yy Lact 60 
a +I) = 1368 — 2e 
„ 35 4.6 
25 1224 - 2 7 
771 27 1% = 4392 47. 
4 ＋ 25 4 yy , | 
425 4% 
ge 2592 
ee 32, 
2 324 18, the Mean. 
aa+yy= 1368 — 2 . 70 
254 = 1224 — 2 2 576 


* 


aa—2ya+yy=720 370 144 


I wy 


- 
. 
i 


— — — ä 
120 7 = T 
A 12 = 48 2 
af he | 
21 — 22214 = 24 ; E 
3 = acme mln 2 
Queſtion 22. It is cee to find two ſuch Numbers, that 
the dum of their Squares may be 8226; and their Product being 
added to the Square of the leſs, may be 69215. 


f Numerical Queſtions, — 227 


— 24 


Viz. 1 


— 


37 


4— 4 


5 ©: 


14 4 
6 and 78 


8 a2 


9+ 4 
0X 
11 — 2 
110608 
13 un 


14 4. 27 Kc. 


Suppoſe 


Then 


And 5, 
Or let. 


Then 


Therefore 
I 


aa+ee 8226 5 
i: Nas + e ee — 41 Den a and e 


. 


4.— 2610 oaat 1702025 


244 — 10830,5 aa = — 1703025 


pop 42 1305 
4e 2 44 — 1305 
3 — 
5 a 


rem at—2br099+ 1705925 


aa 
ce = 8226 55 — 443 


= 8226 544 
aa 


4. — 2610 % + 1703025 = 8226,5 424 — a 
24% — 261044 + 1703025 82206, 5 


44 — 5418,25 44 = —» 851512,5 
44— 5418, 25777335395 265622648784 


4 4 = 2709,125 ＋ 2547,25 (7.125 
— a = 2700, 125 + 25474125 = e 

Mohan = v/ 5256,25 = = 7255 | 
EW 22＋ 2 Bu 5256. 25 — 


6 —— 


1305 


th an 2 


4 4 2 2709125 — 45 = 162 
a = yf 102 = 12,72 &c. 


"3 2 135 which i is impoſſible. 
* 12,72 . 


4 =; aps, 3 at the e and 18th aps. 


4 


— 


— — — 


This Queſtion n may be 1 with leſs Trouble, by fubRi- 
tuting Letters for the known Numbers, 


Fink 1% 7 5 Then let a — 4 44 = e, XC. 


ae Tremp 


(5,765 
4 a — 270%, 125 =\/ 6487845,7605025—254 


Queſtion 


os. 
. Cobinics 


— 
r 

* 
— — 


12 ar co 
5 ö 
— 


NN ee — — 
. §—§O—— IAN Ghar 
« 


ml 


5 Part II. 


Del ion 23. 


Then 


1+2+3 
FF Loet 


4 —2 
6—3 


722 


6 — 2 


6—1| 


10 4 


CH 
3 224 2—25 24 
8 x 11277 VVV 
„2 2 zz—2dz—2bz+4bd 
9 and 12|13 2 XC 4aa © 2 
„ Ae en 24 
13 4 . WAS 55696 
1 e ny Ea 
15 u 164 = 4/ 55696 = 236 
1117 = — = 198 
| 2 4 5 
2 — 2 4 3 
8 1800 = IT * 99 


wr is di to FR "44 ſuch Orr on that 
the Sum of the firſt and ſecond, being multiplied with the third, 
may be 37824; and the Sum of the ſecond and third, multiplied 

*with the firſt, may be 59944 3 
third, being multiplied with the Second, may be 52456. 


Let , e, y repreſent the three Numbers. 


10. 


alſo, that the Sum of the firſt and 


lay+ey= 3782427 

ae +ya= 59944 = m_ Quere, a, , 5. 

ae Y = 5$2456=d 3 © 

Fact iagy 23e=b+c+d 
S=f oC. -- 
e e a 

— | 

OO” 

7 I 


5 2 — 25 
2 ¼ nb . 


2 24. It is required to find two ſuch ET that t cher 
Sum being ſubtracted from the Sum of their Squares, may leave 143 
and if their Product be added to their Sum, it may oo f 

Let a and e be _ for the Numbers, and let y = a + * 


EE 


e 14. 


. IIS the by the Queſtion, 


6 147 
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3 P14 T9 
4%%%,. =14—y 
52 3e 2 28 — 25 
3+5| © 4% 2e e 42 
5 3 a+e=4/ 42—y 
a + e = y, by Subſtitution above. 
7 and 8 9 =V/ 42— 5 EE R 
9 @& ®|IO Wy = 42 —y ; | 
10 IPO TY 42 
1100112 55 TZ =42 +1 = 44,25 
12 u 13% KN 4225 = 6,5 
13 — 2140 = 6, 5 2 2 æ 5 
Conſequent. 15 [4 + £2 = 6; by Reſtitution from love, 
3 and 1416 4 ＋ ee = 14 ＋ 6 = 20 
3 and 1517] 24e . 28 — 12 = Ib 
1 184 a — 24 Te e244 
| 18 uu? „ DYE 1 | 
15 ＋ 19200228 (If = 4, ande = 2 
e — | pio of Then aa te e—a—e= 14 
ag 7 S108 4 ek 8 And ae a TT 214 
n „ 2 ee EY 2 5 


SRC”. #4. a 8 8 2 


* 


—_— 


Drieftion 25. Three Men 3 of Gir 1 faith 
the firſt, if 100 J. were added to my Money, it would be as much 
as both your Money put together; ſaith the ſecond Man, if 100 J. 
were added to my Money, I ſhould have twice as much as both 
. have; faith the third Man, if 100. were added to my 

oney, 1 ſhould have then three times as much Money as both 
you have: How much Money had each Man?! 

heh EY a the firſt Man' s Money, e che ſecond, and , 
the thir : 


3 3 4 100 = e+ 57 
Then) | 2 e + 100 =2a+2y by the Queſtion, 
1317 Teo SA +32- 
1— 44e e 
2 — e524 ＋25 — e = 100 = Quzre a, e, 5. 
3—y] 634 ＋ 3e - =1Ico=il 
4 and 6 7 +Fy—4a = 33 SLY 
7 +| B[2y=40+2e | 
| 5 — 81 9 . „ 
9 ＋4a 2 10G TT = = 100 | 
Fe 1 r 200 we 


+ 
-+ 
O 

Ht 


F f 2 hh 10X4 


de. Part II. 


the third Man hath, that Sum will be 921. 


10 * 4112 1 4 4 400 


pope E * 
e 2. 


10 — 62 15e 2 — 64 100 — 9 = 1 = 45 | 
8 2 2j1b[y=20a+e= 7 + 7 = 77 = 6377 b. 
4 9 
1 


The 3 ſecond { - Man had 
Th third - 644 | 


 Dueftion 26. Three Men have 7700 ſuch a Sum of Money, 
that if the firſt and ſecond Mens Money be added to Half of what 
And if the ſecond 
and third Mens Money be added to one third Part of the firſt 
Man's Money, that Sum will be 92/. Laſtly, if one fourth Part 


Anſwer. 


of the ſecond Man's Money be added to the Sum of the firſt and 
third Man's Money, the Sum will alſo be 921. How much was 


— Man's Money? 

3 the / Man's Money, e for the 2d, and x for the 34. 25 
Fi er 
| 2[2@a+e+y=sq 
[2+ a+z=s. 


by the Queſtion ; and s 1 92 


: = li 5 
1 and 2 pe Firma bets 
3 T a SS of i 


3 
4 
3 
4 6|6a+37=20 +63 
ON] a49= 33 
A 34 35 3 
gg a + 3e 2 3 — 44 
03. 2 3 —-5 ͤ2eO 
10 3113. 


| 3 | 

11 A+ AS T4456 53 366. 
12 —24131334+31= 35 = 279 
13and 2140332 ＋44 = 352 276 
14 X 3 151 T 79 = 929 


15 + 23 161 — 2 = = gz Tr = 361 the 1/ Man's Money. 


256 2 — f Kh 


SI the by Man 8 2 1 9 


7 
— pow —_ . — — ** 
— — ä. — /ꝛà—— — — — * 


wy” on 


— „ el IMC. ——_ aa _ * 


* 
. 


ä hm ſt. ht... 


| Oveſtion 27. Four Men walking abroad, found a Purſe of 


1 | Shillings only, out of which every one took a Number at an Ad- 


. 1 — . . — 3 93 2 , 1 = — — 4 
* n mot So EA VOSS 3 4 i N 6. D r N HE S 132 = * . Js % « - CI ALS 

"OL WERE. ef: WY LT. r 2 FEE! re ²˙—»»-‚. ̃ —-r- ̃⁵ Oe A K Sr W 

A 1 n n » 4 ., 2 IX * eee OE It os + a EOS 4 . 3 

RN £4 1 2 l 3 N * 1 LES: 2 — 33 A 2 3 
2 bs Ws Er 8 1 n - Ws 8 he. I ">; - 6 5 9; 4 * 
oy FED MTS Kok Sn, 7 : * 5 N \ 
5, So ( A : 2 7 75 e : > . 
—_ 1 N * a 1 WL. - 2 F 0 o — ; — - : ww 0 


Ty venture; afterwards by comparing their Numbers 6. * they 


found, that if the firſt took 25 Shillings from the ſecond, it would 
make his Number equal with [what the ſecond had then left; if 
the ſecond took 30 Shillings from the third, his Money would then 


be triple to what the third had left; and if the third took 40 


Shillings from the fourth, his Money would then be double to 
what the fourth had left; laſtly, the fourth taking 50 Shillings 
from the firſt, he would then have three times as much as the firſt 
had left, and 5 — 4 more: It is required to tell how many 
Shillings each Man had. _ B 
Put a for the firſt Sum, e the ſecond, y the third, and u the 
48, we? Aras by the Queſtion. 


W 


=> 


— 

Dd 

uo 
S- 


y + 40=24— 80 

ju + 50 =34@a— 145 

a + 50 e * 

42 ＋ 50 = 35 — 120 

4 ＋ 270 33 
e 

Y — — 8 

. 

10) = 24— 120 


1001102 2— 120 = £372 
12 2 =P + „ 
: „„ | | ; 87 _ 


4 — 


TE a5 10 
1415034 — 195 — 
6116018 — 11702 44 530 
isl roche!!! 
9 3 150 24 Number of Shillines. 
20j} = 90 34 Man's Number of Shillings | 
21 4 = JOS 4th. , A 


— — — — —„- et. tt 
* & 0 4 D > 


. 1 


e 


: I —_ * 8 
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See eftion 28. Four Men have each a Sum of 2 which 
being put all together makes 256 Pounds; and if to the firſt 
Man's Money be added' 8 Pounds, it will be juſt as niuch as the 
ſecond Man's "Money decreaſed by 8 Pounds, and as much as 8 
times the third Man's Money, and but as much as one 1 
Part of the fourth Man' s Money ; how much had each Man! 


| Let a, e, » 2 tepteſent the four Mens Money. 
Then ; 


b = 8 — 
eds = 250 andb = 8, or any 


yb = T- a 8 . other N umber at Vieaſure, 


I 
2 
| 3 
2 +3] 4042 5 
59 ——. tecauſe 55 = 6h þ 
3x8] 6ſu=ba +4 ö for =o 2 


4415767 ＋ 42244 2b + 4 1 


1— 4 S . | 
qands| „ TTT +a bb=ema 


9 x b|10 l bs —ba 


10 +j[I1][2ba+bbaÞa=bs—bbb—2bb—b 
— bs—bbb —2bb—b 


11 12 216, 691358, ie, 


"hb +206+1 
by the 4, 13 . 691358, &c. 


by the 5, 14 = : — = = S964 1h, & c. 


by the 6,154 1 2 ＋ 5 b = = = 197:530864, Kc. 
8 9. 


4 us . 13 2 9255 


y = 3 . . 8,74086 


= 197 a 185 7.40736 


Conſequently a * e452 249 '19 . 11499976 
which ſhould be juſt 250. the Sum propoſed in the Queſtion. 
Now what it wants of that Sum, proceeds from the Imperfection 


of the Decimal Parts being not continued on to twore Places, 


which would have brought it nearer the Truth, wo not perhaps 
ee * Sect. 5. Chop. 5. Furt 14. | 


DCA — A 4. F * 
WW 
. 

JS; OI . 
e 


; ay acts e e,, 'F 
—5 t 1 by the Queſtion. Let? 'P 


| Preſton 


— — — — — 
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41 V 


Question 29. Several Merchants enter imo Partnerſhip, every 
one put into the Stock 65 times as many Pounds as there were 
Partners; with that Stock they traded and gained as many Pounds 

er 1001. as there were Partners. Now if 10 J. 10s. be added to, 
and ſubtracted from, their Gain, the Product of that Sum * 
Difference will be 0491 J. 67. 34. 


Quere, How many Merce ere were, E 
Let] 


x |e = the total Gain. 
14 10,5] 2e + 10,5 
br 108 3e — 10,5 
| x 3 4e e — 110,Ü 5 EE: | 
Per Quet 5e — 110,25 = 6497,3125 
5 Solved 6e 81,25 
* = the Number ef Merchants. 
4 * 65 865 4 = every one's Sum put into Stock. 
8 x 4 965 aa = the whole Stock. 
And 10 100: 3: : 65 aa: 1 by the Gelten. 
TE * NY LIL 81,25 th 5 Gain 
II Reduc. 12 = 128 
12 h 134 = N 125 5 the Member of Merchants, 
1 3 x 65 1. bs. «= 325 the Number of Founds each put in, 


—_— 


we * * 
— - — - *- 8 * 
— 


— j — 
* = 


Queſtion 30. Three Merchants 5 join nk eber ; 1 grſt = 
Man' 8 Stock was leſs than the ſecond Man' 8 by 134. the ſecond | 


and third Man's Stock was 175. in trading they gain 48 J. more 
than their whole Stock was; the firſt Man's proportional Part of 


the Gain was a What was each Man's Stock and Part of the | 


Gain? | 


Let a, e, y repreſent each Man's Stock, 
5 f [Ila +e +5 =5 the whole Stock. 
Then } 2|s + 48 = the whole Gain. 
[3]4 + 13 = e. 
And 1 4.25 = 755 1b the Queſtion. 
4 %⁰⁰ο r=n 
E = 373 8 AE 


6 and 2 


224 


1 2 78 a 


—_ 


— Algebaa. OTE "Parc Tt. 


6 and 2 
But 
8 *. 


100 0 
II un: 


2 — 725 | 


4=—=14 
Then 


Again| 


Proof ; 


18 — 19 


* — 


— 9 — — hn. A — 22 — P 


args gy +a 

175 ＋ 2: 223 +a::a: 78 per Queſtion 
44 ＋ 2234= 78a + 13650 
44 ＋ 145 4 13650 


e a+ 145 4 5256,25 = 18996,25 


a + 72,5 . 18906, 25 137,5 
3 2 r 
e=a+13=78 

= 97 
be: 78: 


78: 931. 12. e's Gain, 
05:78:: 


7 : 1161, 85. =y's Gain. 
—— 97 = 240 the whole Stock. 


1 31. A Fakes at his Death left hip three Sons his 4 


Money in this manner; to the eldeſt he gave half of it, wanting 


44 Pounds ; to the ſecond he gave one third of it, and 14 Pounds 


more; to the youngeſt he gave the Remainder, which was leſs than "Te 
the Share of the ſecond Son, by 8 2 Fe: What was each Sons 


10 a, e, 7 be the three Shares, and += the whole Sum. 


Pha 


Tjabe+y=z 

3 Fran . — pe. by the Queſtion, 
$L=x5+ 14322 | 

5 CEOS +— — 98 

61 7 4 n 

7 ad *— 294 

8 6z2z=42 +3 * $88 

92 = 588, the 3 "os that was left. 
104% = 5385 — 44 4 = 250, the eldeſt Son's Share. 
11e = 415 210, the ſecond Son's Share. 
12 y = 53* +14 oF 128, the pounge®, Sc. 


weſtion 32. A Man 1 at Hazard or Dice, won the 
firſt. Throw juſt ſo much Money as he had in his Pocket ; the 


ſecond 


I167. 8:.-+ 93.. 125. +781. 22887 the Gain. 
— the Gain more than th the Stock. ij 
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ſecond Throw he won the Square Root of what he then had, an! 
five Shillings more; the third Throw he won the Square of all he 
then had; after which his whole Sum was 1 124. 165, What 
Money had he when he began to play? 

Suppoſe 1 4 = his firſt Sum. Then 
2| 224 == his Sum after the firſt Throw. 


2 AN | 
I 315 +24 = the Winnings at the 24 Throw. 

2 + 3 | 4 2a+5 ＋ 724 = the Sum after the 2d Throw. 1 
8 
6 


44 ＋ 22 4 ＋½ 25 C44 / 24 4 10 V2 e⸗the 
Winnings at the 34 Throw: and therefore 


4 + 5| 6[4a9424a+30-þ-4ay 2a+11y/2a= 2256 Shil, 
"Rar to avoid theſe Surd Quantities, let us, inſtead of ſuppoſing 
4 = the firſt Sum, make a ſecond Trial, ww | 
Let 1124 a = the firſt Sum. 


x x 2 244 = the Sum after the firſt Throw, 
Then] 3|2 4+ 5 = the Sum won at the 24 Throw. 
2 + 3| 443 f- 24 5 = his Sum after the 24 Throw, 


4 ©: | 56 163 + 444a+20a+25 the Win- 
nings at the 34 Throw; and therefore 


445 6) Ibat + 1643 +4844 + 220+ 39= 2256 Shil. | 


* Yet again, to avoid theſe high Equations, let us make fl third 7 
= Suppoſition; ; Py | 


= the firſt Sum. 
| 2 | 
44 = the Sum after the firſt Throw: 
Ja + 5 = the Winnings at the 24 Throw. 
aa + ar 5 = the Sum after the 2d Throw. 
e=aa +a ＋＋ 5. 
| 6[ee the Winnings at the 34 Throw. Then 
Dee Te = 2256 Shillings by the Queſtion, 
ce + e + 0,25 2256,25 
4 5.4 055 = V/ 3399) mY #155. 
8 == 47: 
42 . ＋ 5 = 47 
aa ＋ 4 = 42 
aa + @ + 0,25 = 42, 25 
TD 05 =o 42325 = „ 


7 
* 6 | 
424 — 18 i The Shillings he had in his 
1 8 5 Pocket WRen he began to play. 


Wes 8 | Nate, 


a 
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Note, In reſolving of the laſt Queſtion, I have made three dif- 
ferent Suppoſitions for the Thing ſought, purely as an Inſtance, 
to ſhew the young Learner how well he ought to conſider the 
Nature of the Queſtion, when he firſt ſtates it, and make Choice 
of repreſenting the Things ſought, ſo as to avoid running it into 

Surds, if poſſible, viz. as in the firſt Suppoſition of a = the firſt 
Sum, &c. Not but that ſuch Equations may be ſolved, as ſhall 
be ſhew'd in the next Chapter. However, it is moſt like an Artiſt 
to perform Things of this Nature the neareſt and eaſieſt Way they 
can be done, nf . „ 
Queſtion 33. Suppoſe there were two equal Circles, whoſe Peri- 
pheries (viz. Circumferences) are divided into 44310 equal Parts; 
and that thoſe Circles were ſo placed upon one Axis, as to move the 
contrary Way to each other ; and ſuppoſe one of them to move but one 
of theſe equal Parts the firfl Day, two Parts the ſecond Day, three 
Parts the third Day, and ſo on in Arithmetical Progreſſion, viz. * 
T, 2, 3, 4, 5, &c. and the other to move every Day the Cube 7 
theſe Parts, 1, 8, 27, 64, 125, &c. of the ſame Parts; How 

many Parts, and how many Days muſt each Circle move, before the 
fame two Points meet that were together when they began to move? 

In order to give a ready Solution to this Queſtion (or any other 
in this Kind) it will be convenient to premiſe this 8 

- LEMMA. 

The Sum of any Series of Cubes whoſe Roots are in Arithme- 
tick Progreſſion (the firſt Term, and common Difference being 
Unity or 1) is equal to the Square of the Sum of all thoſe Roots. 

As in theſe . £ 55 

Terms in Arith. &c. their Cubes. 


1 _ 
2 8 
3 27 
3 64 
5 125 
6 216 Kc. 


Gn "Beat ' 1 


21X 21 = 441 Sum of their Cubes. 58 
Now let 1 | a the Sum of all the Parts the 1/7 Cirele moves. 
Then | 2 | aa = the Sum of all the Parts the 24 moves 
Conſequen. | 3 | aa + a= 44310 by the Queſt, (per Lem. 
4&0 4444444 0,25 = 44310,25. — 


Nete, The Demonſtration of this Lemma is contained in the 
Corol. to Lemma 4, Part V. F 


4 


mn 
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4 u“ 5 4 + 0,5 = = 44310,25 = 210, 

. the Number of Parts the firſt Circle 
muſt move. 

the Number of parts the ſecond 
Circle moves. 


Next to find the Number of Des they moved ; there is given 
the firſt Term = 1, the common Difference = 1, and the Sum 
of all the Terms = 210, thence to find the laſt Term, which in 
this Caſe is the ſame with the Number of all the Terms. 
Let a = I the firſt Term, e = 1 the common Difference, and 
Ss = 210 the Sum of all the Terms, to find y = the laſt Term; 
as per Sect. 1. Chap. 6. Thenyy + ey=25 +4a— ae bythe 
16 Step, Page 186. that is, yy + y = 210 x 2 = 420 &c. Hence 
y = 20 the Number of Days required. | 


. $—0,5 | 6 a = 210 


68217 aa 44100 


„ 4 1 . N 5 —_ — EY 


2 mall now proceed to give an ante or two of the Method | 
uſed in arguing about unlimited Queſtions ; viz. ſuch Queſtions 
which admit of various Anſwers, ſuch as thoſe in 2 Al- 

ternate promiſed in Page 11 

In order to ſhorten that Work, it will be convenient for the 
Learner to know the two Signs of Compariſon, 7 and Z. The 

Sign 7 is of Greater than; as 5 7 a ſignifies that ô is greater 
than 4. The Sign £ is of Leſs than; as 1 Fa d — that 

| bi is leſs than d, De. 


EXAMPLE I. 


Calin 3 4. 4 Tabaccens it bath three Sorts of T. 1 viz. 
ene H 28. 5 4 the Pound, another of 20 d. the Pound, anda third 
Sort ef 16 d. the Pound; of theſe Ad would make a Mixture to con- 
tain 56 Pound, that may * for 22 d. the Pound: How much 

of each Sort may he tate? 


Let a = the Quantity of that worth 32 Pence the Pound, = 
that of 20 Pence the Pound, and you that of 16 Pence the Pound ; 


* 


viz. each Quantity 8 


Then a T's e * 7 (J into it's own Price, equals their 
Then 32 aA -20 0 + 185 5212 32 Sum multiplied into the i mean 
Price, 


DG 1 "TU 


— 


PPP 


890 * „ os . * 22 N e 


228 Part II. 
"This Queſtion being thus ſtated, it appears by Rule 1, Page 176, 
that it is capable of innumerable Anſwers ; becauſe for any one cf 
theſe three Letters, a, e. , there may be taken any Number at 
Pleaſure, provided it be leſs than 56. But although that may be 
truly done; yet there are ſeveral Ways of arguing about thefe Sort 
of Queſtions, which will limit or bound them to all their proper 
or poſſible Anſwers in whole Numbers. Thus, 1 9 


gebn. 


„ r 


— ts ot org CA — — 


R — 


: 2 n r RTE A 5 OA en 49 
— — —— — . 4 Z 
5 l. 


— ts A 


Kiba * 


rr 


— 


ie 
ji And] 232 4 ＋ 20 L 16 y = 1232 F as 
1 1 — a] 3e +y = 56 — 2 e 
2— 32 a) 4206 165 = 1232 — 32 4 
3 * 160 516 + 165 896 — 162 
4—5 6] 42 = 336 — 162 
6 —4] 7] e = 84 —4a; hencea/_ 21 
—71 8] y=3a—28; hencea 7 org . 


From the two laſt Steps it appears, that the Quantity ſignified 
by a, ought to be leſs than 21, and greater than 9+; that is, 
any Number betwixt 9 + and 21, may be taken for the Value ofa: 
Conſequently there may be eleven Anſwers to this Queſtion in 

whole Numbers. | J Fo eee. ol 

Suppoſe a — 10, then e = 84 — 40 = 44, per 7th Step; ang 
* 2 30 _— 28. = 2, per 8th Step. Again, if g = II, then: | #4 
= 84 — 44 = 40, per 7th Step, and y = 33 —28 = 8, per 
. 8th Step: and ſo on for the reſt, which will be as in the follow- 
ing Table. : = Ox” 


F 

10 444 24 4284] | 18]72 2 

40 5 4425247 19 82% 
1236 8] 1620 20 0 '4 32 
e e ee e 


Thus it will be eaſy to find out and collect all the limited An- 
ſwers to any Queſtion (of this Kind) wherein there are only three 
Quantities propoſed to be mixed: but when there are more than 
three, then the Work requires a little more Trouble; becauſe the 

ſingle Limits of all the Quantities above two muſt be found; that 
is, if there are four Quantities concerned in the Queſtion, the 
Limits of two of them muſt be found; if five Quantities are 
concerned, then the Limits of three of them muſt be found, c. 
As in the following Queſtion. F dt oe | 
75 Qusſtiou. 


k 1 
* 
1 
4 
* 
L , 
ww 
5 
7 
> 
* 
* 
8 1 
1 
4 
1 
if 
% : 
2 
4 
, 
- / 
K 
5 
N 
. 
oe 
\£ 1 
4 
+ : 
11 
+, 
L 
I 
. 
0 
[ 
>. 7 
CS — 
i 
1 
. 
4 x | 
45 bl 
'z 
* 
* 3 
4K 
1 . 
1 
1 . 
ES - 
> 
"4 
7 
4 
0 


I 1 

1 
1 
Put „ 
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+1 Queſtion 35. Suppoſe it were required to mix four Sorts of Wine 
together; viz. one Sort worth 78. 4d. the Gallon, another Sort 


= worth 4s. 7 d. the Gallon, a third Sort worth 3s. 8 d. the Gallon, 
. | and a fourth Sort worth 2 8. ꝙ d. the Gallon : He much of each 


== Sort may be taken to make a Mixture of 63 Gallons, ſo as that the 
== whole Duantity may be ſold for 5 8. 64. the Gallon, without Loſs, &c. 


Firſt, let all theſe ſeveral Rates, and the mean Rate, be reduced 


to one Denomination, viz. into Pence, 


3 Viz. j 3s. 8d. =444. 25. 9d. = 33d. ans 
but a = the Quantity of that worth 88 4. the Gallon; =. 
that of 55 4. the Gallon, y = that of 44 d. the Gallon, and « = 
| that of 33 4. the Gallon. „ | 1 5 
4  1,a+e+y+u= 6y by the Queſtion. 


Then] 1144 . 
And 288 4 55 + 44% 33% = 4158 = 63 66 
FP * 
2 — 88 a] 455 ＋ 44% ＋ 33% 4158 — 884 
3 * 33] 5133e+ 337 + 33 = 2079 — 33 
4-35 vjaze+ ly = 2079 —$5e: “—“ 7 
6—11] 7] 2e+y=189—5 a; hencea C *3* or 37.4 
3* 55 8]155e+55y+55u = 3465 —55a 
8—4 1 u = 33 a — 693 


From the th and 10th Steps it appears, that the Quantity of 
that Sort of Wine denoted by-a, muſt be leſs than 37 4 Gallons, 
and greater than 21 Gallons :- that is, it may be a = any Num- 
ber of Gallons betwixt 21 and 37 . Whence it follows, that 

there may be collected 16 Anſwers to this Queſtion from the 
Limits of à only. F OS 


Next to find the Limits of e, y, and . . 
Suppoſe 1104 = 22, then will 5 a = 110, and 3 a 66 
5 But 122 e ＋ = 189 — 5 4 = 79, per 7th Step. 
12 — 21300 = 79 - 2e; hence e. or 99 K- 
Again 14e HTA = 63 — 4 = 41, per 3d Step. 
14 — 5% ＋ = 41 — 3 
15 — 13 166% = e 38; hence e 38. 


From the 13th and 16th Steps it appears, that if a = 22, then 
£83% 2 79 - 2 1, andu =e— }8=T, 


Again, 


Again, 


Suppoſe 174 8 22 hens. # = = 115, and do. 

But] i8j2e+y = 189 —5 a == 74, per 7th Step, 

18 — 219% = 74 —2e; hence e £ & or 37 
Again|20ſe +y ＋ « = 63 —a = 40, per 3d Step, 

20 — 21 142407 

21 — 19122 = e — 34, hence e 7 34. 


From the 19th and 22d Steps it appears, * if a = 13, then J | 


e may be either 35 or 36. 


Once more for a further Illuſtration. 
Let] 2344 = 24, then 5 a = 120, and 3a = 
But 242 9 = 189 —5 a = 6g, per 7th * 
24 — 225] y = bg — 2e; hence e £ Gor 34 
Again | 26 . = 39, per 3d Step. 
26 — 27 y+u=3ge 
27 —25 28 F #=e— 30, hence e 7 30. 


From hence it appears, that if @ = 24, then e may be either 
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zr, 32, 33, or 34, viz. it may be any Number betwixt 30 ana 


34 x by the 25th and 28th Steps; from whence the Values of y and 1 


1 may, be eaſily found. 


And's = 


F then) 3 
3 1 =2 
2 
1 


| Jy 
That is. if 4 © 32 J= 
That is, 1 833 1 

Ce 34 35 


. a 1 2 4 


Proceeding on in this manner with all the other ſingle Values of 
a, there may be found above 120 Anſwers to this Queſtion in 
whole Numbers: and if you pleaſe to put a Fractions, there 
may be found an innumerable Set of Anſwers; whereas the Rule 
of Alligation in Vulgar Arithmetick affords but only one Anſwer i in 
Fractions, to wit, that of a 31 2, e 104, = 10 x24 = 10 f, 
as may be way tried per Rule Page 115, Sc. 


Theſe two Examples being well underſtood (eſpecially if the 


laſt be thoroughly purſued) may ſuffice to ſhew the Method of ' 


limiting the Anſwers to all Sorts of Queſtions of this Kind, I ſhall 
therefore conclude this Chapter of Queſtions with giving a Solu- 
tion to the Enigma (or Riddle) propoſed (but not anſwered) by 
Mr John Kerſey, in the Cloſe of the Appendix to his Kune 
whic 
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v2: 2 
. 


1 


12 wk affords ſeveral pretty Queſtions, the Solution whereof will + 


diſcover a certain Sentence conſiſting of three Words, which muſt 
be found by the Help of Figures placed (or ſuppoſed to be placed). 
over the twenty-four Letters of the Alphabet, ED 


| a | "7 1 4 . 4 Ec. | I I 
20 T 8 7 c. called Indices 


3 þ 86 4. E . 7 2 . Ee. to the laſt Letter. 


So that if the Index to that Letter be once found, the Letter to 
© which it belongs is conſequently known. 3 ANT leet 


The Enigma. 


1. If the Difference between the Indices of the ſecond Letter 
of the ſecond Word, and the third Letter of the firſt Word, be 
EE multiplied into the Difference of their Squares, the Product will 
be 576; and if their Sum be multiplied into the Sum of their 
X Squares, that Product will be 2336, the Index of the ſaid third 
=_ Leiter being X( 


a = the greater Index, or that of the 3d Letter, 
e = the leſs, or that of the 2d Letter. 2 
a—exaa—ee= 576 Es 
e ye pA 5 by the Queſtion, 
aaa—aac—acepeee=576 
aaa E aS Tee 2336 
, WO ,, - ol 
4 44a ＋ Zaae+ Zaee+eee= 4096 
TVC 
4— eK a— en ＋ e= 576, forag—ee=a+e 


— — 


(Xa—e 


rY 
X 
SO Oe OG G 


10 ＋ fei- x a—e= 136 
118 [122 — 2 2 6 5 5 
12 + 9113124 = 22 Nat hence it appears, that the 2d 


13z—2|14| 4 = 11 Letter of the iſt Word isl, and 
9 + 14)15] e = 5 the 2d Letter of the 2d Word is e. 


Note, In order to ſet down the Letters (as they become found) in 
their proper Places, it may be convenient to ſupply the vacant Places 
with Stars. "FOE 


I Firſt Word Second Word Third Word 
Thus f & 47% % = Hot #®k% = #SS#% 


5 | a 


e 


2. The Indices laſt 64 are the two Me of foi Num- 
bers in Arithmetical Progreſſion, the leſſer Mean being the Index 
af the firſt Letter of the third Word; and the greater Mean is 
the Index of the fourth and laſt Letter of the firſt Word. V. 


7. 9 . IT are the four Terms in Arithmetical Progreſſion. 
bence it appears, that G (whoſe Index is 7) is the firſt Letter 
of the third Word; and that i (whoſe Index is 9).is the fourth or 
laſt Letter of the firſt Word; which being 888 down, will 
ſtand thus, 


##/),, $o##%, G**#, 


3. The ſecond Letter of the third Word is the ſame with the 
third Letter of the firſt Word; and the fifth Letter of the third 
Word is the ſame with the laſt Letter of the firſt Word: whence 
| the Letters will ſtand thus, 156 


„„ l. „„ „ G „„ 
a The Sum of the Squares of the Indices of the firſt and ſecand 
Letters of the firſt Word is 520, and the Product of the ſame In- 
dices is ſeven Ninths of the Square of the greater Index, which is 
the Index of the faid firſt Letter. | 


Leta = = the greater, and e the leſſer Index. 


aw, N 820 according to the Data. 
a2 * 3h wee: -. > 
3 @*| e 
1—4 5 44 520 — 271 4 4 

5 * 81 68144 42120 — 49 44 

6 ＋ 49 2 4 7130 44 = 42120 

7 — 130] 8]aa= e = 324 
8 un? 9 a =\/ 324 18, Shofe Taticr $5; 

3 and gl 10% = a= 14, whoſe Letter | is 0, 


Hence the Letter: will ſtand thus, 


Soli. * . GL * * ix. 


- Tho Difference between the two laſt 3 is the Lies 
of the firſt Leiter of the ſecond Ward, viz. 18 — 14, = 4 being 
the Index of the Letter D. Then the Letters will ſtand thus, 


Soll. De * * *. Gl. * * 1x. 
ä . 6. The 
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= The third and laſt Letter of the ſecond Word, alſo the 


third Letter of the third Word, are the ſame with the facoud 
Letter of the firſt Word hence the Lan will and thus, 


Soli Deo Glo * 1 *. 


7. The Sum of the Indices of the fourth Letter of the third | 
Word, and the ſixth or laſt Letter of the ſame Word, being ö 
added to their Product is 35; and the Difference of their Squares | 
is 288; the Index of the laſt Letter being the leaſt. = | 


Put a = the greater, and e - the leſſer Index, as before. | 


"Theni 1% a + t= | 

And | 4 a 7 2 7 35 5 Thy the Data. | | 

EET: | 

17 +1 +1. , forexa+1=ac+e 

4G: 1 14 1225—70a+aa | 

4 | 54% . a4 ＋ 24 ＋- 1 | | | 
2 + 5 6 = 288 + 5 70a + aa 


aa-p2a-+1l- 6 5 
3 Sat +243+ aa=288 44457 a + 288 
bx aabke.| 7 + 1225 — 70 4 ＋ 4 4 | 
7 +| eren t. 


Ct 
| 
| 
' 
i 
ö 


This laſt Equation being reſolved according to the Method 
Which ſhall be ſhewed. in the next Chapter, it will be 4 = 17 it's 


Letter; and from the 4th Step #7 ; = 1, the Index of 
a +1 
the Letter a. Then theſe two Letters being placed according to 


the Data above, are all that are required by the Enigma to com- 
Pleat theſe Words : 


S9/; Deo Gloria. 
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CHAP. X. 


2 . e of Adletted Equations in Nathbirs. 


EFORE we proceed to the Solution of Adſected Equations, 

it may not be amiſs to ſhew the Inveſtigation (or Invention) 

of thoſe Theorems or Rules for extracting the Roots of Simple 
Powers, made uſe of in Chapter 11. Part 1. I ſhall here make 
Choice of the ſame Letters to repreſent the Numbers both given 
and ſought in my Compendium of Algebra. 


G, always denote the given Reſolvend. 
any Number taken as near the true Root as 
2 may be, whether it be greater or leſs. | 
he unknown Part of the Root fought, by 
which r is to be either increaſed or decreaſed. 


Then if / be any Number leſs than the true Root, it will be 
r  e = the Root ſought. But if r be taken greater than the true 
Root, it will then ber — + = the Root ſought. And put D for 


r= 


Viz. Let 


CES 


the Dividend that is produced from G, Sf it is leflened and 


divided by r, Ic. (into the Co-efficients of Adfected Equations) 
according as the Nature of the Root requires. "Theſe Things 
being — we "NY Pee to raiſing the Tepee. 


* 4 - 1 . 
: — "I : _ 4 * , 2 N „ x * 88 _— * BG | p 
* * „ © +. 


SECT. 1. 
I, FOR the Square Root, Viz. 4 4 — G, Quære as 
r + {5:6 


Let] 1 1 = 

162| zjrr+2rebee=agtn G 
2—7rr 3 2 rebee=G—ryr. Call it D, DG > 
; 3 + 0 D (This ſhews iſt the Method of 
Then] 4 —— EE © extrafting the Square Root, 
eb TETY dect. 5. Chap. 11. Part 1. 
LY 8 Naa | 


The IT — of both theſe Theorems, you 


have in the W of Section 2. Page 120, to which I refer 
the 
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the Lonener, ſuppoſing him by this Time to underſtand them 
without any more Words than what 1 is there expreſt. 


II. To extract the Cube Root; viz, a a 4 2 G. . a. 


Let Ire a4, ſuppoſing r leſs than the true Root. 
IOS 2lrrrzgzrre ＋Zree eee ada G 
2 - rrrz33rreg3ree Teer. 
ONE eee CG=—ry 


3 Zr ö 72 — 


| Let? e - be W or caſt off, as being of ſmall Value; then it 
: 5. 
: will be, r e + ee = D, which gives this following 


— 


Theorem 


Te 


By this Pharm or Rule, the Iſt and ad Examples i in Caſe '# 
Page 132, are performed ; the which vg compared with this 
Theorem may be eaſily underſtood. 


Again, Suppoſe aaa= &, as before, and let / - be taken greater 
than the true Root. 3 


Then] 1jr —e =a : eee being reject- 
1 &-3] 2 rrr—grrebgreemas = -of as before, 
2 413 zrre—gree=rrr—CG 2 


133 rrr— 6 „ 
e wo” 
Which gives this Thr =e 
7 — e 


By this Theorem the third Example in Caſe 2. Page I 53, is 
performed. | 


III. To extract the Biquadrate "ER viz, 7 at : G, > Que 4. 


Then] Ir Te A ſuppoſing r leſs than juſt. 
I &+*| 2|rt+4rrre+brree=a*=6G 3 all the Pow- 
2 — +] 3] 4rrre+brree=CG—rt\ersofeaboveere, 
4 


G — rt 


3722274 z re＋ 30e Se 


Which gives this Theorem 


z 30 


—0DP“ —— —— — — 
N 


p r ——— — — ¶˖— —— ˖— 
bl 4 G 22 — 3 — 3 * * 


. . „„ „%%% %% oe Oe ns 


= 


* 


1 

1 
15 
. 
if 


—_"—_— ——— — ů —— — — 


4—rr&. | 


; g N "4 - 
p I 2 - 
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By this Theorem the Biquadrate Root of any Number may de 


62 extracted. But, as I have already ſaid, Page 134, thoſe Ex- 


tractions may be very well performed by two Extractions of the 


Square Root. Vide Example, Page 135. 


IV. To extract the Surſolid Root, viz. as = G. Qurzre a. 


If r be taken leſs than juſt, then r 4+ e = a, as before, and 
. 3 


=D, which gives this Theorem Wo = 6. By 


5 7 2 2 e 


this Theorem the Surſolid Root, Example 1. Page 136, is ex- 
trated. But if 7 be taken greater than juſt; then ? —e = a, and 


pin i; 


5 13 8 fe fp 
this laſt Theorem the Example in Page 137 is performed. 
I preſume it needleſs to purſue the "raiſing of thoſe 'T heorems, 


for extracting the Roots of Simple Powers, any further; becauſe 


the Method of doing it is general, how high ſoever they are; 
and therefore it — be eaſi 2 885 by what! is A done. 


SECT. 2. 


AJ OtwithRandiog I have deeds en the Solution of 8 


dratick Equations, two ſeveral Ways, viz. by caſting off the 
loweſt Term ; and by compleating the Square, vide Section 2. 


Page 195, Cc. Yet it may not be amiſs to ſhew, how thoſe 


Equations may be reſolved into Numbers by this univerſal Me- 


thod of continued Series; wherein, if the firſt v be taken equal 
to the firſt Root, or ſingle Side of the Reſolvend; and every 


ſingle Value of e (as it ger found) be till added to it, for a 
new 7, then thoſe Roots may be extracted without repay” 2 
ſecond Operation, as before in che ſingle Powers. 

Caſe 1. Let aa + 2 þ . RU e to find the 


Value of a. 
AL | 


Put 
x & ? rrb2rekee=aa 
* 2 2br +2be=2ba-. 
2 + 3 rrb2brb2reb2bebee= aa 2b 
2 re 2 be Te e = G- rr 2 br 
re be Teen G- Zr -r D 
Which gives this Theorem — — 
F 


S MD 


3 


4 


Suppoſe 


- = D, which gives this Theorem 3 . 
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Chap. 20. Of Adfected Equations. 23) 
= Suppoſe 5 = 364, and G = 38692865 : If r = 6000, then 


; r 7 — 36000000, and 2 h r = 4368000., But 36000000 + 


7 | 4368000 = 40368000 7 38692865 = . Therefore the firſt _ 
4 ooo. Let r = 5000, then e OE e ON - 


iſt r = 5000 > 193404323 =x&G 
b= 364 —1432000, Sr 
iſtr + þ = 5364 5026432, 5 =D (800 = e 
＋ ze = 400 46112 = 
I Diviſor 5764) E 
2d r +þ = 6164 37104 
＋T 2 30 „ „5 
ii. IT» 
= 2 Divifor 6194) 435925 © des. 
== 3dr + b=1] 6224 20 I — 867 = > 
zer = (0) | 
3 Diviſor 6227, . | 
Firſt r= 50 35 
8 +7 6 = 5867 Sa as was required. 


Caſe 2. If a 2— 2 ba=G, then proceeding as above, there 
will ariſe this Theorem IT r e, &c. And in Caſe 3, 
viz. 2 54 — 4 4 2 G, you will have this Theorem . D 8 

; „„ | 8 | | 5 — 1 — e 


Py 


&. as above. 3 „ 5 

I think it needleſs to trouble the Reader with the Work of theſe 
two Theorems in Numbers; becauſe if the laſt Example of Caſe 1. 
be underſtood, the other will be eaſy. Not but that the Method 
of compleating the Square is very ready and eaſy, as you may ob- 
ſerve by the Work in ſeveral Queſtions of this Chapter. | 


— - 3 


a 


e 


IN the Solution of all Adfected Equations, that are above (or 
higher than) Quadratick, it will be the beſt Way to take = 
the next neareſt Root of the Equation : And then it will ber + e 
= a, if r be leſs than juſt; orr - e Saif 7 be greater than juſt 
(as at the Beginning of this Chapter). And all the Powers of the 
unknown Part of the Root, (viz. e) above it's Square (ee) are to 
be rejected or caſt off, as before in raiſin; the Theorems for the 
| „„ 5 5 Simple 


2 * Fi » ; LS WC RT 20 3 — "RT RT 4. 


—Agrina. ET Fart I. 


. 


5 — — _ 2 
Simple — And 3 it is, that to poly N Want of of | 


| theſe Powers (above ee in the Theorem) the Operation muſt be re. ; 


peated: as in the Example of extracting the Cube Root, Page 133, 


viz, when the Figures in the Root conſiſt of more than three 3 


Places 1 Page 140, and 141. 
Suppoſe 2 a U = C& G. Quære 2. 
Let| 1|r Te = a viz. let er be ſuppoſed leſs than juſt. 


163] 2[rrr+grre+ 3reece a4 
1Xb|3|[br +be=ba 


2+3|4 rr TTT src e 4 0 
SIS 17171 +30 17 - +eem _ 
EET "EL 1 
5 — &c. e et te= 37 zr 35 = D 

'D 


e. 


Vhich gives this Theorem | = 8 2 


But if r be taken "ater than juſt, then it will be e $2 
55 r 


—ee= — rr +1 b— -E = =D, which produces this Theorem 
= | 
— e. | 
-+ + ws . 


1 either of theſe 1 two Theorems the Value of x may be eaſily 
found. Or rather otherwiſe, as in the following Example, 
Let aaa + 24a= 587914. Here h = 24. Suppoſe the: firſt 


r = 90, thenr 3 = 729000 7 587914 without the 24 x Go being 


added to it: Therefore 1 L 9. Again, Suppoſe r = 80, then 


73 = 512000, and 24r 2 1920. But 512000 + 1920 513920 


£ 58791, hence 7 70, but nearer to it than o. Therefore 
r + e Za leſs than juſt. 


it muſt be] 1 
1 ©3] 2[r rr + zrre+3ree=aae 
1x24| 3/247 + 24e = 240 | 
2 in Numb. | 4| 512000 + 19200 e + 240 ee 44 4 
3 in Numb. 5 1920 + 24 = 242 
4 +54$:6 513920 + 10224. + 240 ee = 587914 
5— 513920 7119224 e+ 240ee = 73994 5 
rn 8 ee e 
8— 19e = ———— 
EA 1 
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Operation 


41 


hap. 


10. 


* 


Operation 80, 


＋e r 3 


1 « 
1 * „ | N 


I Diviſor 83, 1) 


＋Ee 22 
＋ .* 


70 3-6 

A2 Diviſor 86,7) 
WM | 567 
87,37) 


4 80, =? ; 


308,31 
83,05 &, r＋ . 


240,3 

509,01 

2 82. . 
6.99 Wc. 


Or rather new r = 8 3,7 for a ſecond Operation, which being in- 


. vol ved and tried (as above) will be found A than juſt: therefore . 
tit muſt be 


1 ©3 
I X 24 
2 in Numb. 


31 in Numb. 


þ 


2d Operation 


— 


1 Divifor 83,77 5 5 "i 


3 — — 


„ a 
rrr—arrebgree=aas 
247 — 24e = 24 4 

2008,8 — 24e = 244 


21041, 07 — 251,1 = 471,053 
83,7955 . = 1,8795778 = = D 


OD: 


8379555 


#37955 — 


0 


$3,70000000 = 


1,87595778 888 85 


— . 022 | 1.675510 83.5% 70009 = a= 
2d Diviſor 83,7535) 52004477 — e. 
—e= 50023 12167507 
30 Diviſor 83,7512) © 403294078 
— . 02512536 
83.75 1 00781542 
„ ne CL OOTSTTOG 
Here the new Divifor are 27782 
rejected, as inſignificant. 25125 
o 2857 
2512 
145 
83 


Al they remaining th of rextrafhing Roots > (except Page 260) a are left i in the Author's 


own Method ; which by this Time, it is preſumed, the Learner will eaſily know howto 
correct of himſelf, if he takes due Notice of what has been delivered P * 131, Bat 
ut 


239 


586376. 253 — 2101), % +257, 16e a 
58838 5,0532104 1, % 251, ree=587914 
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F Part 11, 24 
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But if more Exactneſs be required, you may make the new r = 
83,6776067, and proceed with it to a third Operation; which 
will afford twenty-ſeven Places of Figures for the Value of a; 
that is, every Operation will produce triple the Places of Figures 


to thoſe of the precedent r. And this tripling the Places of Fi- 


ures in the Root, at every Operation, holds good, and is to be 
obſerved in the Solution of all Adfected Equations (how high ſo- 
ever they are) according to this Method of reſolving them. S- 
Page 141. N „ 


| © Erample2. Suppoſe a G. Quarea. If re 


5 Sr, G W 
= a, then re _— — —+xb—irr= D, 1 


which gives this Theorem — g e. But if — 
i GE 
= 4, then f= If + ee — + T0 =7x rr D, 
| | | | ; 2 — 
uch gives this Thi „ 
which gives this 1 heorem + — * 


Or you may proceed otherwiſe, as in the laſt Example. Let 
a a a — 6438 a = 104785688, here 5 = 6438. Suppoſe the 


firſt » = 500, 77 r = 125000000, and b r = 3219000, then 
| 125000000 — 3219000 = 121781000. But 121781000 7 


104785688, therefore r . 500. Again, ſuppoſe v = 400, 
rr = 640c0000, and b r = 2575200, then wilf 64000008 
— 2575200 = 61424800. But 61424800 C 104785688, hence 


17400; conſequently 7 is betwixt 400 and 500. But 500 is 


the next neareſt; therefore, let» = 500 being greater than juſt, 


Then | 117 —e= @ 5 
..10:*] 2jrrr —grre3zree=aaa. 
1X6] 3% —be = ba” 5 
2 in Numb. 4125000000 — 450000e+ I,0008 —aaa 
Z in Numb.] 5 3219000 — 6438 e = 6438 (88 
4 — 5} 612178100 - 7435628 + I5coee=1047856 
6 +} 71743592 — 1500ee = 16995312 
7 ＋ 1500 8495 e — ee 11330 =D 
8 29e ES : 


495 —e 
Operation 


Chap. 10. Of Adfected Equations. 24x 
Operation 495 ; OP 
=o | >} | $00,0 = F 
1 Diviſor 475) 11330\ 23,8 = e 
PPP 7 
472) 1830 
i 
414, 
3776 


Let newer = 476 for a 2d Operation, then r3 = 107850175 
and hr = 3064488 : but 107850176— 3064488 = 104785688 
the ſame with the Reſolvend. Conſequently à = 476 juſt. 
Example 3. Let la- 4 44 G. Quzrea. Ifr+e=a, then 
2 35 11 — . ＋＋ 4 11 — 3 6 = D, which gives this 
pe . wap D — | = E. But if 7 — e = a, | then 7. 5= £2? 
Theorem 3 b 5 N N nj 


T Zr D, which gives this Theorem 


j 5 
{ 


\ 


Or otherwiſe as before in the two laſt Examples. Thus, let 
1234564 —aaa = 12272861. Hereb = 123456. Suppoſe the 
firſt r = 200, thenrrr = Boooooo, and br — 24691209; then 
 24691200—8000000= 16691200, but 1669 1200712272861, 
therefore r is here leſs than juſt, becauſe the higheſt Power is —, 
or Negative. Again, Suppoſe 7 = 3oo, then r3 = 27000000 ; 
and b r= 37036800, then 37036800 —.27000000 = 10036800 
L. 12272861, Conſequently r C 300, and r 7 200. Letr 
SS 300, being the next neareſt, but more than juſt. 


Then] 1]Þr —e=a _ ny 
1 @&*] 2[/rrr —3rre+ gree=aaa 
txb} gjor —be=ba 
2 in Numb. | 4|27000000 — 270000 e + goo ee 
I in Numb. | 537036800 — 123456 e 
540036800 + 140544 — 90 12272861 
610036800 7146544 — 900 2236061 
7 = goo] 8[162e—ee=2434, =D 
75 75 Kc. | 91 — — 


Ii Operation 


—— 
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Operation 162 _ S ara is 


—e= 10 
3ſt Diviſor you "24684 \ 16; K = #. 
3 2 283, r 4 
2d Diviſor 646) „ 
5 876 
88,0 
86,6 


Or new r = 8 3. which being involved, Sc. will appear to be 
the true Root, that is, a = 283 juſt. 

Note, Theſe are uſually called the türe Forms of Cubick 
Equations; and in the Solution of the third or laſt Form, v:z. 
b g C, you may meet with ſome ſeeming Difficulties ; 
eſpecially in making Choice of the firſt r, becauſe this Equation is 
an ambiguous Equation, and hath two Affirmative Roots, viz. a 
greater and leſs Root. But having once found either of them, 
the other may be eafily obtained by Diviſion only; as in the 
Quadratick Equations. Vide Chap. 8. As for inſtance, in the il 

llaſt Example, a = 283 and 123456 a — aaa = 12272861, | 
Make theſe two Equations = o, to wit, let a — 28 3 o,; and 
— 444 ＋ 123456 a — 12272861 0 


| | Then, — 283) —4 aa + 123456 a— 1227486x th ad 

F —aaa + 28Jaa _ | 

283 22 T 123450 (- 283 4 
— 0380 + 00008 OOO: 
+ ＋ 43367 a — 12272861 (+ 43367 
+ 43367 a— 12272861 0 


(Y) (0) 


Hence it appeats that —a a—28 3 a+43367 =0. Conſequent- 

ly aa + 2834 = 43367 this Equation being ſolved, a = 110, 

2722 &c. which is the leſſer Root of the aforeſaid Equation b a 

— 4 44 — , &. After this Manner all the poſſible and im- 

poffible Rocts of any Equation may be eaſily diſcovered, any one 

of it's Roots being once found, I ſhall therefore omit inſerting 

more Examples of that Kind. 

| Suppoſe a a a-&-b a ac a=C. Gere a. Let b= 745 = $729, 

and G= 560783. By Trial (as before) it will be found that the: 
next neareſt 7 = 40 being ſomething leſs than Juit. 


aa mai ea 


q 
2 


— — ant), ca m_ 7 an} CY DET EET Ons * ä — 
* RK r, e ws _ 
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4 —_ 


Therefore 
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— 1 


Therefore r +e=a 
1 xc| 2[cr +Hce=ca 
1 *:x061-3 bdrr4+2brebbee=boes 
I G- Fr I arreT3rec=ace 
2 in Numb. | 5 349160 + 87292 
3 in Numb. | 6118400 + 5920 e + 74ee 
4 in Numb.| 7] 64000 + 4800 C + 120 ee 
5+6+7] 8]531560 + 19449e + 194 ee = 560783 
8— 531560 9] 19449 e + 194 ee = 29223 
9 — 194 | 10| 100,2 e SEED 153,00 2 
"1+ e 
Operation 100,2 „ 
＋ e 'I f 
3 (925 =” 
1ſt Diviſor 101,2) Ry 55 $0 
+= od. 101,2 8 
2d Diviſor 9 "51,86 
50,85 
1.0 


Or new r = 41,5 for a ſecond Operation, which being duly 
involved, Sc. will be found more than juſt, _ 
Therefore 1ſr—e=a 


| FE | 
Then þ  3|brr —2bre +bee=baa 
[Tir —3rrebÞ3ree=aad 
Theſe being turned into Numbers, &c. as above, they will be 


29037,75 e — 198,5 ee = 390,375, which being divided by | 
198,5 the Co-efficient of ee, Will becoine 100,946 e — ee 2 
1, 966624, &c. = D. 


Operation 100,946 


2 >. an | (4725000000 =# 
1ſt Diviſor 200,936) 1, 96624 _o194847 =e 
—e = ,o09 1.00030 41, 48056153 =r e 2 4 
2d Diviſor 1. 100,927) 957204 3 
— 08343 


* Here I proceed by 489210 
plain Diviſion without 403708 
forming new Diviſors. 855020 
4 807416 
476040 
423788 
723325 &c. 


1.2 7 Fiat 


— 25 * * * * 1 * ** — rug * * 1 
TIE e w oro otros, 


nas wht.) - p * . 5 — 4 4 * * - rn * 1 * * = ” = 
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ü .._ 7 


Let the laft Equation i in the 1 Chap. 9. be here pro- 
poſed for a Solution. Viz. aaga +baaa—caa—da=CG; 


b = 3, c= 288, d = 506, and & = 1513, Quære @. By 
Trials it will de found, that the next neareſt r =, 20, being 
RE more than juſt, Ws 


Therefore | 1 Few Ia: 
I xd 2 [dr — de=da | 
"FOO ne 3[crr —2crepeee=caa _ 
1©03x6b| 4 brrr—3brre+3bree=baaa 
164] 5 JFFFFFF CPL LE Me NENE 


Theſe being turned into Numbers, and thoſe duly cellected, 


according as the Signs of the Equation direct, they will become 
50680 — 22374 A 2232 ee = 1513, which being all divided 


by 2232 che Co-efficient of e e, will be 10e —ee=22 =D. 


1 > . 


e 
Operation 10 
Diviſor 7) 3 e 
217 17 r — 2 2 a juſt. | 
1 See the End of Chap. 9. 


By what bath been already FR about the Solution of theſe 


* Equations (being carefully obſerved) I preſume the Learner 
will eaſily conceive how to proceed in the Solution of all Kinds 


of Equations, be they ever ſo high, or adfected; therefore I 
ſhall not here propoſe many various Examples, but only take 
them as they fall in Courſe, when I come to the next Part, where- 


in you will (perhaps) find fuch Equations with their Solutions as 


rg not common. 


1281 


3 


„ * 
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CHAP. XI. 
0% Single Intereſt, Annuities, or Peyfons, &c. = 
NTEREST, or the Uſe paid for the Loan of Money, is 
| either Simple, or Compound. | ERECT 
Sect. 1, Of Simple Jnterek. 


IML Intereſt, is that which is paid for the Loan of any 
Principal or Sum of Money, lent out for ſome Time, at an 


Rate per Cent. agreed on between the Borrower and the Lender; 


which, according to the late Laws of England, ought to be five 
Pounds for the Uſe of 1007. for one Year, and ten Pounds for 
the Uſe of 1007. for two Years: and ſo on for a greater, or leſs 
Sum, proportionable to the Time propoſed, 5 
There are ſeveral Ways of computing (or anſwering Queſtions 
about) Simple Intereſt; as by the ſingle and double Rule of Three 
(see Page 96, &c.) others make Uſe of Tables compoſed at ſeveral 
Rates per Cent. as Sir Samuel Moreland, in his Doctrine of Intereſt, 
both ſimple and compound, all performed by Tables; wherein 
he hath detected ſeveral material Errors committed by Sir 1/aac 
Newtoi, Mr Kerſey upon Wingate, and Mr Clavil, &c. in the 
& Buſineſs of computing Intereſt, &c. by their Tables, too tedious - 
to be here repeated. But I ſhall in this Tract take other Methods, 
and ſhew that all Computations relating to Simple Intereſt are 
grounded upon Arithmetic Progreſſion; and from thence raiſe 
ſuch general Theorems, as will ſuit with all Cafes. In order to 
which, | © : EN 5 | | 
P — any Principal or Sum put to Intereſt, 
18 R = the Ratio of the Rate per Cent. per Annum. — 
t = the Time of the Principal's Continuance at Intereſt. 
(AS the Amount of the Principal, and it's Intereſt. 
Note, The Ratio of the Rate, is only the Simple Intereſt of 1 /. 
for one Year, at any given Rate; and is thus found. 
Viz, 100:6 :: 1: o, ob g the Ratio at & per Cent. per Annum. 
Or 100:7 :: 1 : 0,07 = the Ratio at 7 per Cent. & 
Again 700 :7,5:: 1 : 0,075 = the Ratio at 7 and + per Cent. 
And if the given Time be whole Years ; then f = the Num- 
ber of whole Years : but if the Time given be either pure Parts 
of a Near, or Parts of a Year mixed with Years, thoſe Parts 
mult be turned into Decimals, and then t = thoſe Decimals, Qc. 
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Now the common F of a Vear may be eaſily turned or con- 
verted into Decimal Parts, if it be conſidered 
5 (Day is the IEF Part of a Year = 0,00274 fert 
That one q Month is the r Part of a Year = 0,08 33333 &c. 
Quarter is the 2 Part of a Ter = 025 -: 

- Theſe Things being premiſed, we may proceed to raiſing the 

Pr: 
Let R 2 - the Intereſt of 17. for one Year, as before. 


Then 2 R = - whe Intereſt of 1 J. for two Years. 


And 3 R = the Intereſt of 11. for three Years. 


4 R = the Intereſt of 1% for four Years. And won il 
for any Number of Years propoſed, "3h 


_ Hence it is plain, that the Simple Intereſt of one Found is a 
Series of Terms in Arithmetic Progreſſion increaſing; whoſe firſt 
Term and common Difference is R, and the Number of all the 
Terms is ?. Therefore the laſt Term will always be r R = the 


Intereſt of x J. for any given Term ſignified by eg, 
The As one Pound : is to the Intereſi of "EV L218 ts any 


Principal or grven Sum e to it's Intereſt, «' 


That is 14.:tR::P:tRP= the Intereſt of P. Then 
the Principal being added to it's Intereſt, their Sum will be = 4 


the Amount required : which gives this "general Theorem. 


Theorem 1. {RP+P= A 


From whence the three following Theorems are eaſily deduced. | 


E . 


7 heoren 2. . =. Theorem 3, baten 


P : 


=, 


Tr 


Theorem 4. A— 
Theſe four Theorems reſolve al Queſtions about Simple Intereſt 


Dreflion 1. 2 will 2 56. 105. amount to in 3 Years, one 
Quarter, 2 Months, and 18 Days, at 5 per Cent. per Annum 2 


Here is given P = 256,5; R = 0,05; and t= 3,46599 | 


For 3 years = 3 rs A. per Theorem 1. 
One Quarter = 0,25 

2 Months = © 16660 = = 0,08333 Mc.2 

18 Days = 0,04932 = 0,00274 Xx 18 

Hlence f = 3,46599 : x 0,05 = 0,1732995 R 

- Then 0,1732995 x 256,5 = 444513217 = 4 © if 

And 44,4513217 + 256,5— 300, 95 13217 =t RP + DA. 
7 hat is 300, 9513217 = = 3094 195. O d. being the Anſwer 


requi ire 
| Dreftion 


— ** — 
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Quien 2. What Principal or Sum, being put to Intereſt, will 


8 raiſe a Stock of 300 J. 198. 0 d. in three Years, one Quarter, 
two Months, and 18 Days; at 5 per Cent. per Aunum? 
8 Or the ſame Queſtion otherwiſe ſtated thus. | | 
Mbat is 300 l. 198. o d. due 3 Years, one Quarter, 2 Months 


and 18 Days hence, worth in ready Money; abating or diſcounting 
5 per Cent. &c. 


= Here is given 4 = 300,9 5132173 R = 0,05; t —= 3.46599 


_ (found as before) thence to find P. Per Theorem 2. Firſt 
3.46500 x 0,05 = 0,1732995 = f R. Then et RT 1 


1,1732995) 300,95 13217 = A (256,5 = P; that is, 256,5 
= 2661. 105. the Anſwer required, 


Queſtion 3. At what Rate or Intereſi per Cent. &c. will 
=. 2561. 10s. amount to 300 l. 198. Od. in three Years, one 
Duarter, two Months, and 18 Days? | . 
Here is given, P 250, 5; 4 = 300, 9513217; and f=3,46599 
to find R. Per Theorem 3. Furſt 300, 9513217 — 256, 5 = 
444513217 =A—— P. Next 3,4650 x 256, 5 = 88, 026435 
= t. And f P = 88, 26435) 44,45 13217 (0,05 = the 
Ratio. Then 1. : 0,05 : : 100: 5 = the Rate required. 


Qusęſtion 4. In what Time will 2561, 108., raiſe a Stock of 
(or amount to) 300 l. 19 8. o d. at 5 per Cent, &c 
Here is given, Pg 256, 5 I= 300, 95 13217; and R = 0,95 
to find r. Per Theorem 4. Furſt 300, 9513217 — 256,5 = 
44,45 1327 = 4 — P. And 256, 5, x 0,05 = 12,82 = PPR. 
Then 12, 82) 44, 4513217 (3, 46599 = 7; that is, f= 3 Years 
and , 46599 Decimal Parts of a Year; which may be brought 
into common Parts of a Year, thus. „ 3 


0,4650909 And 0,08333) 0,21 599 (2 Months. 
0,25 = one Quarter e 
0,21599 | . 0,00274) ,04933 (18 Days. 


lence # == 3 Years, one Quarter, 2 Months, and 18 Days; the 
Anſwer required, 7 8 5 
It muſt needs be eaſy to conceive, that what is here done at 


5 per Cent. may be done at any other Rate of Intereſt, by form- 
ing the Ratio (viz, R) accordingly. 1 


SCHOLIUM. 


— 3s = : _ 


ves Algebꝛa. part 11 if 


SCHOLIUM. | 
Although it be according to the Laws and Cuftom of England, 
to compute Intereſt at the Proportion of 5 per Cent. (as above) 
yet he that takes up Money at Intereſt for any Time leſs than ” 
even or compleat Years, pays more Intereſt than ſeems reafonably 
due, according to the Rules of Art. As for Inſtance; if 100!, 
be forborn at Intereſt one whole Year, it amounts to 105 l. But 
(I ſay) if it be paid at the half Year's End, it ſhould not amount 
to 102]. 10s. as appears from this following Proportion. 
Let a = the Amount due at the half Year's End; then it will 
be 100:4::4a: 105 the Amount at the Year's End. Ergo 
aa = 10500, and @ / 10500 = 102, 4605 = 1021. gs. 44 4. 
which is leſs than 102 J. 10s. by 7 2 4. And if it be paid in leſfſs 
than half a Year's Time, the Error muſt needs be greater. =] 


tt 


he a a 


Sect. 2. Of Annuities, or Penſions in Arrears, com- 
85 pouuted at Simple Inter eſt. EN AA 


AN NUITIES, or Penſions, &:. are ſaid to be in Arrears, ® 
when they are payable or due, either Yearly, or Half-yearly, 
Cc. and are unpaid for any Number of Payments. Therefore 
the Buſineſs is, to compute what all thoſe Payments will amount 
unto, allowing any Rate of Simple Intereſt for their Forbearance, 
from the Time each particular Payment became due: Now in 
order to this, „ %%% nd COW 
( == the Annuity, Penſion, or Yearly Rent, &c. 
put 4 the Time of it's Continuance, or being unpaid. 
R = the Ratio, or Intereſt of 1 J. for 1 Year, as before. 
4 = the Amount of the Annuity and it's Intereſt. 
Then if « = the firſt Year's Rent, due without Intereſt, 


ro 
. 

4 1 

RK: 

"3 755 > 
* 


1 


2 x = 2 __ ; due at the End cf the ſecond | Year, F 
2 5 5 5 ps — 8 J due at the End of the third Vear. | 4 
3 5 E 5 2 —_— due at the End of the fourth Year, =_ 
4 ; : ho a Rect | due at the End of the my Fur: : F 
nd fo on for any Number of Years. Hence it is evident, that 


Ru +2Ru+ 3Ru + 4 Ru+ 5u=A4A the Sum of all the Rents and 1 
their Intereſt, being forborn 5 Years, | = 


2 From 


. 


ES 


1 


Here t= 5. Divide by u, then R＋2 R+3R+4 R 
u 


hence 


| Theorem I - 


half yearly Payments : an 
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* 


From ne! it follows, that Ru +2Ru+3Ru+4 4 R . 


Next to find the Sum of this Progreſſion (See Page 185) 1 


Let R + 2R+ 3R+ 4 R&c. = = E, then 1+2+3 +4&c. = => 


Here the Sum of all the firft and laſt Terms are 4＋1 = 5 Art, 


and the Numbers of all the Terms are 4 2 tr. Thereſore 


* * t the Sum of all the Terms; ; that i is 


2 2 
48 22 116 *R dts 


e. 12 


„ Confbetently 
2 | ODE 


Now from this his it will be eaſy to deduce the following 5 


Theorems. 


2 
24A 


tt R—tRþ2t : tu—tu 
[38 = TY 


Let * 1x, chen t= E. ix Theorem 4 


7 


22 t. * 2 50 l. 3 Rent (or Penfon, &e. ) be . 


or unpaid ſeven Years ; what will it amount to in that Time, at : 


6 per Cent. for each Payment, as it becomes due? 
Here is given à = 250, f 7, and Ro, ob; to find A. Per 
75. 1. Fuſt250x7=1750 = ts, 1750 7 = 12250=ttun. 


Again12250—1750=10500=?t u—tu,and **%%X o, 6 = 315. 


Laſtly 315 T1750 2065 ; Viz. 206 51. is the Anſw. required. 
But if the Annuity, Rent, or Penſion, is to be paid by quarterly 


or half yearly r., Sc. Then 2 2 0,03 = X for 


2 
4222 0,06 _ 


or 0,045 = R for three quarterly Payments, - Example of half 


yearly Payments, 
Suppoſe 2501, per Annum, to be paid by half yearly Payments, 


were in Arrears, or unpaid for ſeven Tears; what would it amount 


to, allowing 6 per Cent, per Annum for each Payment, as it be- 


comes due e 


K k In 


La 4 or 11 — =" x: ;+tu= 4. . 


2. Therm 3 3 = R. 


= 0,01 5 = : R for quarterly 3 
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In this Example there is given u=125= ITP ; F=2 14 the Num- 


2 


ber of Payments ; ; and * 0,03 = VE, thence to find A. 


Firſt I25X14=1750=tu; 1750 x 14 = 24500=ttu: 


again 24500—1750=22750=t?tu—tu,; then 23 =11375, 
and 11375 x0, 3341,25. Laſtly 341,25 + 1750= 2091,25 


that is, 1 = 2091 J. 59. the Anſwer required. 
N. B. Hence it may be obſerved, that half yearly Payments 


are more advantageous than yearly. For 20917. 5s. 7 2065 l. 
by 261. 5s. conſequently, quarterly Payments are more ad- 


vantageous than half yearly Payments. 
Dueftion 2. I bat yearly Rent, Penſion, &c. being Arber or 


unpaid ſeven Years, will raiſe a Stock of 2065 l. * 6 per 
Cent. per Annum for each Payment, as it becomes due? 


Here is given 4 2065, 1 = 7, and R = 0,06; to find 11. 


Per Theorem 2. Firſt 7 x 0,06 = 0,42 =t R, and 0,42 K 7 
S 2,94 = tt R. Then ff R R= 2,52. Laſtly 17 K = 
—tiR+2t= 16,52) 4130 = 2 A (250=u; that is, 250 1. 
per Aunum, &c. will raiſe 2065 fl the Stock required. 0 


Queſtiùn 3. In what Time will 2 501. yearly Rent raiſe a Stock 
of 20651. nine 6 per Cent, &c. for the Forbearanc of the 


Payments as they become due? 


Here is given u = 2.50) 4=2 065, and R 3 to find t. 
Per Therrem 4. F irſt 2 * — 5 = 3733 and 33.3333 — 


21 = 32,3333 wy,” 3 I Then 16, 16666 Kc. = x; 


R 


261 ,3605 &c, = xx. Again #439 = 2751333 = n_ 2A Ru, 


and 27513333 + 261,3605 = 536,6938 = _ 7+ 1xx, Then 


* 536,60 38 23,1666. Laſlly, 23,1666 — 16,1666 = 7 


= 7 the Time required. 


Queſtion 4. If 2501. yearly Rene, * forborn ſeven Years, 
will amc unt to 2005 l. allowing Simple Intereſt for every Payment as 
it becomes due; what muſt the Rate of the Intereſt be per Cent. &c, 


Here is given 2 = 250, A = 2065, and r= 73 ; to iind Re 


Per Theorem 3. 


| tt u = 12250 4130 =2 4 
Thus i tu== 1750 (3500 = 212 


— I 


ttu—tu= 10500) 630 = 2 A—2 tu FS = 


Then 1 : c,c6 :: 100: 6 the Rate * 
Sect. 


3 
#4 +28 17 

* 7 

in Rs * | 
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Sect. 3. The Preſent Worth of Annuities or Perſons, 
&c. computed at Simple Intereft. 


15 H E Buſineſs of purchaſing Annuities, or taking of Leaſes, &c. 
> for any aſſigned Time, depends upon the true aquating of the 
Principal or Money laid out on the Purchaſe, with the Annuity 
or Yearly Rent, by allowing (or diſcompting) the ſame Rate of 
Intereſt to both Parties. Which may be eaſily performed by duly 
applying the reſpective Theorems of the two laſt Sections together; 
as will fully appear by the following Queſtion. 25 


Dueftien 1. What is 75 l. yearly Rent, to continue mine Years, 
worth in ready Money, at 5 per Cent. per Annum Simple Intere/? ? 
I. Per Theorem 1. of the laſt Section, find what the propoſed 
yearly Rent would amount to, if it were forborn 9 Years, at 
5 per Cent. 1 . | 


M  Thusa=75, t=9, and R=0,05: Quare 4. 
„ F# 8 hears Then 2) 5400 (2700 Sy 

„ 5 XS 1 Multiply 

tu —tu=z5400 5 1 

e + — ==. 


2. Then by Theorem 2. Section 1. find what Principal, being 


put to Intereſt for the ſame Time, and at the ſame Rate, will 
amount to 8 101. = A. Thus f Ro, 45 = 9X 0,05;?R+ 1 
= 1,45) 810 (558, 6206 = P : that is, P = 558 J. 123. 3 4 d. 
which is the Worth of 75/7. a Year, as was required. 

From the Work of theſe two Operations (duly conſidered) it 
muſt needs be eaſy to conceive, how the two Theorems by which 


= they were performed, may be combingd in one. 


For 1, — —— A; and 2. P1R+P A. 


1 | 8 „ tt Ru- fRATLZ TA 1 | 
2 Conſequently PtR+ ÞP, == —— T — And from 


3 this Equation may be deduced the following Theorems, 
b _ 1 rt R—tRþ2t _ 
= Theorem 1. — (HET 2s =P, ELLE om LEY 


0 | 21 R＋ 2 21K ＋2 29 
By this Theorem all Queſtions of the ſame Kind with the laſt ; 


= (viz, that above) may be eafily and readily anſwered at one 


Operation, 


K K 2 : Theorem 


* n 17 2 2 N E23 ** - 1 — x - 1 — " Ln \ * 7 K OY < A ** 
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Theorem 2. 2 I ——_ ä - . P 
ST ARSE. itR—tR+2t 7.48 00. 
P—2tu b 
Theorem 2 | 
; af Hu—=ru—2Pt- =R. . 
MEL DET es =2Þ 
| 1 | au 
Which gives this Theorem 4. * e „„ 
4 2 


By the ſecond and fourth Theorems, two very uſeful Queſtion 
may be eaſily anſwered. 

1. As for Inflance: If it be required to find what Annuity, or 
yearly. Rent, &c. may be purchaſed, for any propoſed Sum, to un- 
tinue any aſſigned Time, allowing any Rate of Intereſt? 

This Queſtion may be anſwered by Theorem 2. 

2. Again: If it be required to find how long any w_ Rent, 
Penſion, or Annuity, &c. may be purchaſed (or enjoyed ) for am pro- 

| Poſed Sum, at any given Rate of Intereſt ? 
All Queſtions of this Kind are eafily anſwered by Theorem 4. 
In theſe Queſtions it is ſuppoſed, that the Purchaſe or yearly 
Rent, is to commence. or be immediately entered upon. But if 
It be required to find the Value or Purchaſe of an Annuity or yearly 
Rent, &c. in Reverſion ; that is, when it is not to be entered 
upon until after ſome Time, or Number of Years are paſt ; then 
=o muſt firſt find what the Sum propoſed to be Jaid out in the 
urchaſe, would amount to, if it were put to Intereſt, durin 
the Time the Annuity, &c. is not to be put in preſent Poſſeſſion ; . 
and make that Amount the Sum for the Purchaſe, n 
with it as in either of the two laſt Queſtions, Sc. 

Note, From the firſt Dueſtion of this Section it will be eaſy to 
conceive haw to perform the Equation of Payments, between Debtor 
or Creditor, at any Rate of Inereft, without doing any Damage t 
either Party. 

That is, when rat Sums of Money are to be paid, at ſeveral 
different Times, to find the Time when all the Payments may 
be truly diſcharged at once: as if one Sum were to be paid at the 
End of two Months, another at ſix Months, and perhaps a third 
Sum at eight Months End, Oc. And if it were required to find 
the Time when all thoſe Sams may be truly diſcharged at one Pay- 

ment without 1 &c, 
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Chap. 12. Of COmpouny Intereſt. 


CHAP. XII. 


057 Compound I weref and Annuities, G. 


C OMPOUNDI atereſt is that which ariſes from any Printi- 
pal and it's Intereſt put together, as the Intereſt ſo becomes 
due; ſo that at every Payment, or at the Time when the Pay- 
ments became due, there is created a new Principal ; and for that 
Reaſon it is called Intereſt upon Intereſt,” or Compound Intereſt. 
As for Inſtance ; Suppoſe 100 J. were lent out for two Years, 
at 6 per Cent, per Annum, Compound Intereſt : then at the End of 
the firſt Year, it will only amount to 106 J. as in Simple Intereſt. 
But for the ſecond Year this 706 1. becomes Principal, which 
will amount to 1121. 7s. 22 d. at the ſecond Year's End, 
whereas by Simple Intereſt it would haye amounted to but 112 1. 
And altho' it be not lawful to let out Money at Compound 


Igntereſt; yet in purchaſing of Annuities or Penſions, c. and 


1 


That is © 


taking Leaſes in Reverſion, it is very uſual to allow Compound 
Intereſt to the Purchaſer for his ready Money; ; and therefore it 
is very requiſite to underſtand it. 


— 


Sect. 4. o Compound 2 


P = the Pe put to Intereſt. 
S the Time of it's Continuance. asbefote. 
Let J 4 = the Amount of the Principal and Intereſt. | 
* 0 the Amount of 11. and it's Intereſt for 1 Year, at 
— (any given Rate, which may be thus found, 


Viz. 100 : 106 :: 1: 1,06 = the Amount of 1 /. at 6 per Cent. 
Or 100: 


IO5 :: I : 1,05 = the Amount of 1 J. at 5 Per Cent. 
and ſo on for any other affigned Rate of Intereſt. 


Then if R = the Amount of 11. for one 8 at any Rate. 
* the Amount of 1 J. for two Years. 
R3 = the Amount of 1 J. for three Years. 
R4 = the Amount of 1 J. for four Years. 
s = the Amount of 11. for five Years. Here f = 5 


For 1: R: : R: RR:: RR: RRR:: RRR: Ra :: R,: RS: &c. in . 
As one pound: is to the Amount of one Pound at one 


Year's End :: ſo is that Amount: to the Amount of 
one Pound at two Year's End, &c, 9 5 
ä Whence 


* 


1 
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Whence it is plain, that Compound Intereſt is grounded upon 
a Series of Terms, increaſing in Geometrical Proportion con- 
tinued; wherein ? (viz, the Number of Years) does always aſſign 

the Index of the laſt and higheſt Term: /:z. the Power of 
which is Re. Tos | | 


Again, As 1: Re:: P: PR A the Amount of P for the 
Time, that R*= the Amount of 1 /. ; Yee 


| KC As one Pound: is to the Amonnt of one Dan A ay 
That is j given Time : : fo is any propoſed Principal (or Sum): to it's 
L Amount for the ſame Time. e 


From the Premiſes (I preſume) the Reaſon of the following 
| Theorems, may be very eaſily underſtood. 8 


1 F94, Fpbeorem 1. P Re = A, as above. 
From hence the two following Theorems are eaſily deduced, 


Theorem 2. 25 P. Theorem 3. 2 


By theſe three Theorems, all Queſtions about Compound In- 
tereſt may be truly reſolved by the Pen only, viz. without Ta- 
bles; tho' not ſo readily as by the Help of Tables, calculated on 
| Purpoſe ; as will appear farther on. „„ 


Oueſtion 1. What will 2561. 10 8. amount to in ſeven Years, 
at b per Cent. per Annum, Compound Interef} ? 


| Here is given P = 256,5; t=7; and R = 1,06 which 
being involved until it's Index = f (viz. 7.) will become R7 
= 1,50363. Then 1,50363 x 256,5 = 385, 6811 A= 385 l. 
134. 74d. which is the Anſwer required | 


Qnueſtion 2. What Principal or Sum of Money muſt be put (or 
tt) out to raiſe a Stock of 3851. 138. 7 4 d. in ſeven Years, at 
6 per Cent. per Annum, Compound Intereſt ? 2 


Nere is given A= 385,6811; R= 1,06; and!=7; tofind P. 
by Theorem 2. Thus R. = 1, 50363) 385,6811 =A(256,5 =P, 


That is, P 2561. 10s. which is the Principal or Sum, as 
was required. . e 5 


2 | Queſtion 
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Dueſtion 3. In what Time will 2561. 108. raiſe a Stock of 
(or amount to) 3851. 13s. 75 d. allowing 6 per Cent per Annum, 
= Compound Intereſt * 

= Here is given P 256,5 A= 385,681; R= 1,06 j to 


x A __ 385,6811 
WT find f by the third Theorem, Rt = 55 = . = 1,50363, 


„ 
which deing continually divided by R = 1,06 until nothing re- 
main, the Number of thoſe Diviſions will be 7 t. Thus 
1,06) 1, 50363 (1,41852. And 1,06) 1,41852 (1, 338225. 
Again 1,06) 1,338225 (1, 262477. And ſo on until it become 


1 1,06) 1,06 (1. which will be at the ſeventh Divifion. Therefore 


M it will be {= 7 the Number of Years required by the Queſtion. 


ueſtion 4. i 2561. 108. will amount to ( or raiſe a Stock of ) 
87 138. 7+d. in ſeven Years Time; what muft the Rate ef 
Intereſt be, per Cent. per Annum? 

Here is given P = 256,5; dn 385, 6811, andi = 7, Quære 


4 R. By Thearem 3. * R. = 1, 50363; as before i in the laſt 
J Queſtion. And if Re = RJ = I 250363, then R=7/1 150363, 


3 Put] Re] then | 
1 eee, = = 1,50363= 
2 — 7] 3% re IIS ee = G- 17 


3 7 E 
„„ yy 
7 Operation r = 1,00 
9 ＋ 32e 8 
| | (5: r 
Diviſor 1 1418) 0,0719 0,06 = e 
1 708 b 


— rn 
1 I to be rejected. 5 


Then 1: 0,06 :: 100: 6 the Rate per Cent. required ü 
The firſt three Queſtions may be much more eaſily performed 


by the following Table, which is only the Amounts of one Pound 
for chirty-nine Leas. 


T bat 


> 


the, 


FO 2 I 


* 


aigeina, g 


* 


—_— . 


Part ll 


| 


(| <, The Amounts The Amounts, & The Amounts 
Is Jof 11. at b per & of 17, at 6 per 8 of 17. at 6 per 
i Cent. &c. Com- Cent. &c. Com-| || Cent. &c. Com- 
pound Interef. | > | pound Intereſt. > pound Intereſt, 
| 1[1.06=R |14]2.2609039557|*7| 4.0223459407| 
| 211.1236 2 RR 15 2.396558193:|28|5.1116865971 
- | 311-191016=K® | 16| 2.540351 584729 54183878990 
411.26247696 |17 | 2.6927727857 1 32| 57434911729] Bf 
1_511:3382255770[18| 2.8543391529] 31 |6.08810c6432| | 
6]1.4185191122|19| 3.0255995021| 32;6.4533866818] 
| 7 1.5030 302590 20 | 3.2071354722 Ae, E 
| $11-5938400745]|21| 3.39956 36005 | 3472510252757 
+4 1.6894789590 22 e 35 | 7.6860867923| 
1012908475965 [231] 3.8197496616 36 8.147251999B| 
1118982985583 [24 | 4.0489346413] 37 8.636087 1193 
| 12[2.0121964718 2514-2918707197]39,9.1542523470|] WM 
11312. 1329282601 126] 4.54938 29629 39'9.7035074878] | 


The Title of this Table ſhews it's Conſtruction, 


will eafily appear by an Example or two. 
BE XS MPLE 1. 


per Annum, &c ? 


© The tabular Number againſt 


What will 3751. 10s. amo 


That is, of R. RR. RRR. R.. RS. and fo on to R3y, 


and it's Uſe 


unt to in nine Years, at 6 per Cent. 


9 Years is I ,689479 which being 


multiplied with the Principal 375,5 will produce 634,3993 &c. 


viz. 634 J. 85, ferè, being the Amount or Anſwer required. 
N EXAMPLE 2. 


or Sum) muſt be put to Intereft to raiſe a Stock 


* What Principal ( 
of 6341. 8s. in nine Years Time, at 6 per Cent. per Annum, &c 


If the propoſed Stock (viz. 634,4) be divided by the tabular 
Number that is againſt the given Number of Years (uiz. ) the | 
Quotient will be the Principal (or Sum) required. Fiz. againſt 


9 is 1,689479, Then 1,6894 
the Principal (or Sum) required 


In what Time will 2 
634 . Bs. at 6 per Cent. &c? 


EXAMPLE z. 


mo 


Divide 


79) 634,4 (375,5 = 3750. 108. 


751. 108. raiſe a Stock of (or amount to) 


k 


Fi a . 


— " 2 


—_ FF. 


| 1 — net rn mtr ——— — — 
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Divide the propoſed Stock (viz. 634,4) by the given Principal 
= (viz. 375,5) and the Quotient will ſhew the tabular Number 

| that ſtands over againſt the Time ſought. Thus 3755) 6344 
(1,689479 Cc. This Number being ſought in the Table, will 
be found to ſtand againſt ꝙ Years, which is the Time _— | 
85 But if the Quotient cannot be truly found in the Table of 
= Amounts for Years, as above; then take out of that Table the 
XZ neareſt Number that is leſs, and make it a Diviſor, by which you 
muſt divide the firſt Quotient; and then ſeek the ſecond Quo- 
tient in the Table of Amounts for Days (which is inſerted a little 
further on) and it will aſſign the Number of Days: as in this 


* 3 + 5 
ATE 
_ 

* 7.44 . 
255 Xam le 
2 355 ö s b 

A 

1 , 

2 . 


8 Annum, Compound Interęſi? 


In what Time will 563 l. amount to $601. at 6 per Cent. per | 


ER Anſwer. In 7 Years and 99 Days. 
Thus 563) 860 12 52753 which ſhews the Time to be more 
(or above) ſeven Vears; for over againſt 7 Vears is 1, 50363 

which being made the new Diviſor: Viz. 1, 50363) 1, 52753 


E (1,0 1589 Cc. this Number is the neareſt Amount to 99 Days. 
Note, / the Stock, Principal, and Time be given; the Rate of 


EZ Intereff will be beft found by extrafling the Root, &c. us before in 
= the fourth Quęſtion. | T 8 


The next Thing that I ſhall here propoſe. is, to make this 
Table (which is only calculated for the Rate of 6 per Cent.) 
univerſally uſeful for all the Rates of Compound Intereſt, which 
1 may preſume to ſay, is a new Improvement of my own, being 
well ſatisfied it never was publiſhed before; and not only fo, but 
3 heard ſeveral very good Artiſts affirm it was impoſſible to 
. - OD 
The Method of performing it is briefly thus, Let x= the 
Difference between 1,c6 = R, the Amount of r/. for one Yeat 
5 the Table) and any other propoſed Amount of 10. for one 


ear; which admits of two Caſes. 


Ca 1. If the propoſed Rate be greater than the 1,096 = R, 
then will .R + the true Amount of 14. for one Year at that 
ate. e 


5 Cafe 2. But if the propoſed Rate be leſs than 1,06=R, then 
it will be R — K = the Amount of 1/4, & + +» 

ibs JE—1I=6b, t — 2 = c, .- 3 = d, t 4 f, dc 
Make | PLE 4% 4 dm n, fu = &ce. 


Then 


: * * a N >. 
2 - * — 2 — 
— "REES n rf ro 4 | nn "7 Js — = om "FILL * : Y 
3, tat ei. bets. 63 a HE, Sr r yo R b \ 
Wee. SD 3% — * . y \ * 7 a 
8 rr a — 
r 2 > 


2 


poly" — 
—— — aw 
2 rn 
* 22 be 
lee 
e 
N — 


ad wo - — . 4 4 
* — N 8 2 5 1 = & Ry " 3 * 
222 $55 = I 4, * = 5 POT Wot ko wet 5 A 
lr > / ed. . Re een nn ns dt n_ a 
22 — 3 4 « - 


— 


Wn 


a * 
o 
* - 4 mT Lo 
F 


. -*20" I 
r 2 N 2 4 is.” 
— 2 — — — — 

_ ba ali ed rig 


222 


— oath, 
9 


nw; 
e {ET _ 


2 n = — = * 
* „3 
1 Pt, PI & 2 — 
. * 3 . 
2 e = 


— ä 1 rr. p 
4 7 K * — reer 
3 1 * Nee . 
"2 4 be "= 4 8 — N ” * py. 
COONS INE EFFECT 
5. _ rern. £5 
a 4 4" tp mY adn? 
* — — . — — . bag? Tipe 
- — SLATES. "OY — ET I CTETOy 
N — ; Senn . 


4 — 


* — — 


gebb. A 


"Then will Re + tRbx Tg Rer. + m Rd x Kc. = the | 3 
Amount of 1 I. at the given Rate, for any Time denoted 1 
in Caſe 1. And R. — f R“ & +2 Re * —m Rds dc. = 4. 2 
e of 1 J. in Caſe 2 L 
Which.is no more but this: Let R + x or R — x (which fo. | 
ever it is) be involved (as directed in $2. 5. Chap. 2.) to the 
ſame Power or Height as the Index t the given Time in the Que- | 
ſtion denotes : reje&ing all the Powers of x above ** & or xx x » 
at moſt, as uſeleſs. Then multiply that Power of R + x or 
R — x into the given Principal, and their Product will be the >» 
Amount required. A 
2. Example or two in each Caſe will render all eaſy, 


3 


„% — wad 


EXIL E I 


Suppoſe it were en to find what 2561. would amount to in 
fifteen Years, at 8]. per Cent. per Annum Compound Intereſt ? 
Here ft: = .. E | 

Firſt 100: 108: 1: 1,08 the Aunt of 17 at 8 fer Cent. 8 
Next 1.08 — 1,06 = ,o = *. And R 1,08 as in Caſe 1, IS 
Then R15+15 RIA x +105 R'3 x x+455 Rt x ** Kc. — the 
Amount of 1/. for 15 Years, at 8 per Cent. 

e 0,02 , * * = 0,0004. . and x x x = ,000008 | 


e a 


| Fe By the Table Ris = 2390556 
© 16 RAY =2 ,260904 x 15 * „ 2 S2, 678271 
And ) 1c5 Ri3 xx = 2, 132928 x 105 x ,0004 ' = 0,08958; | 

(455 Ru e 012196 x 455 X,000008 o, oc7324 i 


- A 4 E” I 6 
„J. HET, Fey 27 On AEINEIES 
mm, el < g Bb. 


. Sum = = = 3.17175 . 


Then 3,171736 x 2 56 = 3 81 16441 2 4 
That! is, 81 I 1 L. * s, 3 x 4. fert. Which i is the Anſwer required 4 


wo 107 04 ee 


2 wilt 36 51. amount to in in ſeven Years at for and a wr 
1 Cant. Se. 55 (22S; . 5 
"Firſt ro: 104,5 1: 0 the Amount of I I. at 4 2. : ; 
Next 1,06—1,045= 0,01 1 58 Conſequently Arnet = 
as in Caſe 2. b 
Then R—7 R6 x 4+ 21 R x — Rix x ce. athe Amount 1 £ 
r 11. for F TI at +2 I” Lond 5 


N 
12 7 
RT 


; * 
+ %&4 


vWways given by the Table.) „ 1 
g 8 For Re: ＋ RB x + g Re x * + mM NIX Xx PSA (as above. 
Therefore — 


. r P'S. Gag, Pa 


infey & 568* — — 


- ll. Aa di 
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Here x =,015 3 xx =,000725 ; and xx x = 000003375 
: By the Table R7 = 1, 503030 
eee , 

And +21 R5xx = ＋ 0,006323 
| (35 Rixx x = — 0,000141T, 
R/ - RSA +21 RA 35 Rt xxx = 1, 360808 


- Then 1, 360868 x 365 496, 71682 = A. ; | 
nat is, 496 J. 145. 344. is the Anſwer required, 


If the Reaſon of theſe two Operations be but well underſtood, 


it will be very eaſy to conceive how to find P, the Principal, 
XZ by having 4, t, and x given (becauſe R and it's Powers are al- 


O 


* 


Rt R ＋ g Re * . m Rd * 
Or if 4, P, and t be given, x may be found. 


For R: +t K6 x+g Rexx Tu Nx * 5 This Equation 


1 being ſolved (as in Chap. 10.) the Value of x will be found; 
and then either R + x, or R— x will ſhew the Rate of In- 


But 1 ſhall leave the numerical Operations to the Learner's 


x 5 ſoppoling enough done to ſhew how all Queſtions of 


this Kind that are limited by whole Years may be computed. 
And if the Time given or ſought be not terminated by whole 


*X Years, but by Weeks, Months, Quarters, or Half-Years, &c, 
for reſolving ſuch Queſtions, the beſt Way will be to reduce thoſe 
Parts of a Year into Days; that done, find an Anſwer accord- 
ing to the Demand of the Queſtion (aud agreeing to 1 /. as be- 
fore) for that Number of Days; and in order to that, it will 
de requiſite to find the Amount of 1 /, for one Day (as in my 
Compendium of Algebra, Page 110) which I ſhall here inſert, 


Put a = the Amount ſought, then it will be 


1: 3 :: 4: 44 :: 4: 44d: : 444 : wane = to 3365. 


As one Pound is to it's Amount for one Day:: ſo is that 


4 That is Amount: to the Amount of tivo Days : : and fo is that 


of two Days: to that of three Days. And ſe on in 
. to 365. 5 5 
19 “ ER . 


5 r 5 1 — 
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Operation, 0549 


| 3d Diviſor 00 * 799 357. 200 
- &c 


260 -—_ (Ageb, Part, I 
Then the laſt of the Terms will be 4465 = 1,00 
Put|. Ir Te. And let = 
1365 207265 4- tene ee=a355 =1,0h 
2 in Num. - 3» + 36 5 £+ 66430 % = 1,06 
3—1| 4 365 e + 66430 = 0,06 
4864300 E ans eee =D 


5 =| 0! 8 = 


+ £ = „ooo | 
— „„ 8 r 
iſt Diviſor, oog 59) 0,0000009032 \ 0,0001598 = e 
+ e = zocors ' $59 1,0001598 =r + ps =# 
2d Diviſor 5 "J344z true to the 7th Figure, 
| + g == : 1200059. 2870 and only too much by 
2 in the 8th, at one 
Operation. 
New r = 1,000 16 for a Fr Operation. Then 


2 in Numb. 711, 06013401407 + 386,889 e + 70402, 172 T 
I |= 1,06, Hence it appears that  —e=a. 
Therefore 8 1,0601 340 1407 — 386, 887 6+: 70402, 172 ee 
| = 10 
8T|. 9 386, 887 — 704024172 e «= 0,0001 3401407 
9 —|10[,0054953 —ee = oo 
10 re = . 
5 054953 — 
onna 0054953 
— 1,016 =r 
36 Divifor ,0054950) 0,00000000190; 5503 88 


; 300549466 2550503 
5 46 2197864 


2 Diviſor, 05494614 3 135263900 


— = 64 32967684. 
34Diviſor ;,o0549460 © 134295215 
; - 2197840 
98376 
| 54940 
- ; 8 XC. * 
Which being further purſued! ta a third Operation wil give 
a= 1,000159653587453 =_ This 


r 


LOO 
5 £10, 


34 164850 155515553883 = 4 


5 

15 
1 
os 
2. 
* 
Re 
5/0 
8 
> 
" 
Iz 
by 4 
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Thie Value of @ is the Amount of 1 J. for one Day, from 
which if 1/. be ſubtracted, the Remainder — ,0001 59653587 
&c. will be the Intereſt of 1 J. for one Nay. Conſequently, it any 

opoſed Principal. he multiplied into either of theſe, the reſpective 
Product will be the Amount or Iatereſt of that Principal for one 
Day, at 6 per Cent, &c. = 

And that the Amount (or Intereſt) of any Principal or Sum 
may be eaſily for any Number of Days leſs than a 
Year ; I have here inſerted the lowing Table, which with a 
reat deal of Care (and I believe Exactneſs) is calculated fiom 
the laſt found (1,000159653587453) Amount of 1/, for one 
Day. To which alſo is er a Table of the Amounts of 1% 
io Months. | 


| Chap. 12. 


4 


> © 0 bar +> Go » = 


10 


Amount of 13 
12825 &c. 
1.00015965 30 


-1,.0003193326- 


1.0004790372 
1.0006387673 
1.0c0798 5229 
1. 0009 58 3039 
1. 0011181105 
1.00 12779426 
1.00 14378002 


1. 0015976834 


I, 0017575920 
1.0019175262 


1. 0020774859 
1.0022374712 
1.002 1. 0023974820 


1 1582875. 
1. 0027175803 
10028776677 
1. 0030377808 


1.0035 182732 
1003678488 5 


1. 00319790193 
1. 00335808 50 


1 n 
II. — | 


Imounn of 11 | 
&c. 


K. 564555487 


1. 0043196055 
1. 0044799487 


1. 046403175 


1.0048007 120 
17. 0049611320 
1.005 1215776 
1.00528 20488 
1. 0054425457 


1.00560 30682 
10057636104 


1. 059241901 
1. 060847895 
1.00624 54140 


| 1.0064 060653 


1 0085007416 


1. 067274436 
1. 068881712 


1. 0070489245 
1.007 2097035 


1.007 705082 
1.007531 3385 


1.007692 1945 
1.0078 530762 


k 


1.008 3358753 | 


[1.0089799673, | 


1.0107 533424 


[I.0117219513 


22 of 1 10. | | 


&c. 


1. 7.608174 158 


1.084968 597 
1. 0086578699 
1.0088189057 4 


I.0091410545 
1.09 3021675 
1. 094633062 
1.962447 
1. 0978 508 
1.0099468767 | 
1.0101081184 | 
1.0102693858 
t. — 04328789 


1. 01650 1008 


10109147128 
1.0 110761090 | 
1011232509 


1. 0113989786 
1.0115604521 


1. 0118834764 


1089132825 


1. 2 | 


Days 


262 iir Part iI 


s N Ambuntrof 1 | S Amounts of 11. O Amounts of x 1.| 
8 Ne. 1 e WV s. * 5 
| _ 76|1.0122066038|116|1.0186g08655| 156 1.62521665588ũ 
3 7207. 0123682062117 1. 0188535031157 1. 02538034533 
780125398344] 718 1.0190 161667 158 T. 025544050 | | 
| 79]1.0126914885|119[1.0191788563| 1591. 0252078277 
801.0128531683 1201 019341719150 I. 1.0258715406 : 
| 81 1 1.0130 1487 39 12. 1.0195043134 151 1.0260 10260353247 = | 
{ 82|r.0131766054|122|1.0196570809] 162|1.0261991 349 | 
- | 83{j1:3123283627|123[1.0198298745  163]1.026$029713] BY 
| $411.01350014581124[1.0199926934| 1641. 0265268338 
{ 85] I. 1.0130619547 1251.0 01555339 165 1.02b6907225 = 
"$612. 1.013092789;|126j1.0203184110| 166|T. 0268546374 : 
| 87j1.0139856501 |127[1.0204813084| 167|T.0270185784 | 
j 58{1.0141475395|12811.02064.42319] 108|1.0271825456 | 
' 8911.0143094488|12911.0208071814j 1691. 027 3465389 | 
| 90[1.0144713869{130 1.0209701569] 170 0 = 
| 94. 0140333511 131 {1.0211331585| 171 1 145 = 
0 9211.014705 408132 T.0 2129618611721. 0278386764 Tp 
1 | 9311-0149573555|13311.0214592397| 173 1.0280027740 | 1 
o 94\1.0151192961|134 | 1.0216223193] 1741. 028 1668989 3 
1 95 101528146057 135 11.0217854250| 175 1.0283310494 ' 
9 1961515443559 1357021948557 176 10284952262 "» 
ll 9711.0156050781|137j1.0221117144| 177|1,0286594291| MR 
» | 98]1.0157678232{138[1.0222748982| 178|1.0288236583| 
li }. 99f1.0159299341|139[1.0224381081| 179|1.0289879137 | MX 
bl 100. 1609210101401 0226013440] 1590|1.0291521953]| 
1 { IOI}1.01025441 30 141 |1.02270a6060| 181 181|1.0293160231 | 1 
* cali ork anda lags 1 0229278940] 1821. 02949083722 
| 1031. 0165789371431. 0309008 10 183j1.0296451975 | BY 
| 1041. 016741237 51144 1.0232545482] 184 T. 0298095841 1 
lf! 105}1.01699 22593 14511.0234179146]185|1.92997 39969 | 
1 105 1.017050151 14601. 02358 13069 1861. 0301384359 f =_ 
lit 107[1.0172292944j 147 1. 0237447253187 1. 030302912 
itt 1081.0 7390698 5 1481. 023908 1699 1881, 03046739288 MX 
wh. 1091. 0175513086149 f. 02407 16405 1891. 0300319206 
. 140 1.177 155846150 1.024235 13721901. 0307964557 
1 III. 0787806651511. 0243986600 1911. 0309610251 
1 1121. 0180405744 1521. 0245022089 19211.031 1256216 
j11311.0182031033{15311.02472578 30] 193 1.0312902445 
114 1.01836 56680 1541.0 248893851794 1.0314548937 
| 115 1.018 52825781155 [t.02505 30124 195. 5 0316195692 


Days 
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1 


| Amountvo x. | © wo 5 of 11. 2 — | Amounts #51 
| 9 5 | | * ot &c. 
1.0317842709 236 2888559654 275 11 04 5045080 
1. 319489990 237 1.038 559731827 T. 0452128133 
8 1.0321137534 | 238 1. 0387255415278 f. 04537968 53 
1.032278 5341 239 1. 0388913778 279 L. 0455 46584 
1.0324433410| 240] 1.0390572405 280|1.0457135092| 


— — — 


1.032608 1742 241] 1.039 2231298028 11. 0458804011 
1.03277 30339242 1.030 3890454282 f. 0460474397 
1.0329379198 | 243 1. 0395549870283 1 0462144449} 
Ed hte 244] 5 0397209563 284|1.046381 4768 
1.0332677706 | 245! 1.039886951512585\1.0465484.353 
10334327355 | 240! 1.04005297 32286, 1,0457155206| 
| 10.335977208 | 247| 1. 0402190214287 1. 0468827325 
1.0337027444| 248] 1:04038509011255| 1,04704987IT} 
'F 0339277883 249] 1,04055119731289!1.0472170363} 
I, 1. 0340928586 250; 1.0407 1722502901. 0473842283 
5 1,0342579552 251] 1,0408834793|291|1 0475514409 . 
1. 0344230782 252 1. 041049660 10292 1.0477 185923 
1. 0345882275 253] 1.0412158 674/2931. 04788 59643 
1.0347 534033 254 1.04138210120294 1. 0480532631 
1034086054 255 148483616225 1. 0482205885 
1.03508 38338 | 256] 1.0417 74548 5 296 1.048 879407 
10352490887 257] 1 0418809620 29% f. 048555 3190 
10354143699 258 1.042047 30210298 1.0487227252 
10355796775 259] 1. 0422130687 2991 488901576 | 
1.0357450L15| 260] 1 0423800618 3501. 0490576166! 
10359103719 261 104254648 15301 I. 492257625 
1. 0360757587 202] 1.0427129278 202 1, 049 3926150] 
1.0362411719| 263 1.04287940071303 : 1,0495b0154 3] 
1.03640661106| 264 1.04304 50010304 1.04.97 27 7204 
1.0365710776| 2551843212420 305 | 1.049*.9531 3? 
0 1.0357 375701 266 1.04337 897871 306 1.0500 0500629327] 
1.03690 30889 26 1.04354555791397 1.502 30579 
28 1.0 370686342 208] 1.0437 21637 308 10503082521 
2911 0372342059 209] 1.0438787561 223708 
10.373998041 | 270] 1. 84404481 319 1.59) 33070 
111 1.03755 5428 1.C442121407 3111. 0809, 14320 
10377310798 272 1.0443788529 3121.05 10692121 
1. 0378967573 773] 1.0445 45591803131 0512370191 
10380624012 274 1.0447 12337 231•[1. 0514048529 
11 0282241916! 27<| 1 0448791403) 3757. 2515727124 


3 _ "als nad. 2 


Day 8 


3251832822237 3 
71 1-0535891317|350 


10525804297 
1. 9527484880 
1.052916 5631 346 
1. 05 30846050 


1.9534209493 


1.0537 573410351 
1.0539255771 


1.0542021 300 


1. 0545987903 
1.054767 1608 


1. 0549385552 
1.055 1039824 
1.0552724330 


1. 0540938401 


10544304467 


355 


35b 
357 
358 
359 
300 


1.050452 3448 
345|[1:0560210112 


1. 567 897045 
. 0569584248 


1.0571271720 
1. 0572959594 
[1.0574647472 


5576375753 


1.057 8024303 


0579713122 
| e ia 


I. 1.88309 1870 
7. O54) 81100 199 
1.58647 1097 


1.0588 161265 


1.05898 51703 
1. 0591542411 


ſof 17, at INT 


Ss | " Agebra, 3 Part I, 

| Amounts of 1 /. =, Amounts of 1 . | — Amouats of 7 

8 8 A KE. = ec. | 

136 I. 0517406008 339 1.5 56094165 362] 1 0594924036| 

i | 37 1.0519085150| 340 I. 557729484 363 een 

# 318[1.0520704559]34111.0559465071| 304|l -% 3g 8307942 | 
#* 3191.0522444237 3421. 0561150927 365 1.06 

329124124183 3431. 056837053 


Cent. 

For Months. 
1.048675 505 
1. 097587942 
1.01467 38462 
1.0196128224 


1.0295030141 
1. 0345744641 


1.0497550507 
l. 0548053594 


1.0245758394 | 


1.0 396103076 | 
1 0446700634 5 


[10554409116 361 11.0593233389 . EDU 


— 
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| i The Uſe of this Tablei is in all reſ; pects like that of che Years, 
if in finding the Amount of any given Sum for any propoſed Num- 
ber of Days lels than a Year, 


EXAMPLE nt. 


6 e it were required to And the ene of 37 5 . * 210 
| [| Days at 6 per Gent. 


n R R Fi AGc.-i ES Wet ph FORTY. 2s IB 0 - * y 
> © - 64 ** r = x : * - — 
- 2 ; - = * . y \ * has nada . _ _ . 
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: The Amount of 17. for 210 Days is 1,0340928 fc. per Table. *t 
Then 1,0340928 x 375 = 387,7848 &c. = 3871. 155. 824. 
. which is the Amount required. And the reſt of the Variations 1 
. may be performed juſt as in the Examples of whole Years. | 
0 | 7 But i it the Time given conſiſts of Years, and Parts of a Year; 
as Quarters, Months, c. Then reduce the odd Time or Parts 
of the Year into Days ; ; and the Anſwer may then be found at 
two Operations; as in the following Example. 
2 | Example 


31 

9 
EW 

3 4 


FIT 


well for ordinary ſmall 
it will be convenient to make Uſe of this Proportion. 
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Example 2. Su poſe it were required to find what 205 l. would 
amount to in five Years and 135 Days at 6 per Cent. Cc. 


5 Years is 1, 338225 Fc. 


Firſt the Amount of 1 J. for 1 is 1021785 &c. 


Then 1,3338225 x 1, 21785 x 2651, = 362, 355232, c. 
being the Amount or Anſwer required. Fr oY 
9 the Amount and Time are given, to find the Principal; 
Then Multiply the Amount of 1 1. for the Years, and the Amount of 
1 J. for the odd Days together; And by their Product divide the 
given Amount, the Quotient will be the Principal required. 
Example 3. What Principal will raiſe a Stock of 3621. 


ho 14 4. 
or 362,3552321. in 5 Years and 135 Days, at 6 per 


A „ S Yearsis 1, 338 225 Cc. 

The Amount of 1 l. for 0 135 Days is I,021785 9 

Then 1, 338225 x 1,021785 = 1, 367378 &c. the Diviſer. 

Next 1, 367378) 352, 355232 = A (205 J. the Principal required. 
Again, if the Principal and its Amount are given, to find the 

Time, at 6 per Cent. &c. you muſt divide the Amount by its Princi- 


pal, and then proceed as in the Third Example, Page 256, for the 


Anſwer required. 3 
But if the Amount and its Principal, with the Time of its being at 
Intereſt, are given, to find the Rate of Interęſt; Then proceed as in 
the Fourth Quęſtion, Page 255, Wc. 3 5 
Now in order to make this Table of Amounts for Days, uſeful for 
all Rates of Interęſt (as before in that for Years) you muſt firſt find 
the Simple Intereſt of 1 l. for one Day, both at the given Rate, and 
allo at © per Cent. And call their Difference x. 5 
Thus, ſuppoſe the given Ratio were 8 per Cent. per Annum. Firſt 
130:8::1: 0,08 And 100:6::;1 : 0,06 the Two Simple 
Intereſts for one Year. „ 


Then 365) 0,08 (o, ooo 1917 Cc. the Simple Interęſt of 1 J 


for one Day, at 8 per Cent. 
And 365) 0,06 (o o00 16438 
one Day, at 6 per Cent. 


Se. the Simple Intereſt of 11. for 


Their Difference 0,00005479 = x which may do indifferently 


Quęſtions: But where Exactneſs is req red, 


Vis. 


* 


266 „ Part II. 
N "As the Simple Intereſt of 1 J. for one ; Day at 6 ler Cent : 


Viz. Is to the Tabular Intereſt of 17. for one Day:: So is the 


Simple Intereſt of 1 J. for one Day, at any given Rate: 
Toa Fourth TERS 


That is, o. o00 16438: 0 INE DIE : 0,0002 1917 : ;0,00021288 
Then o, ooo2 1286 — 0,00015965 = 0,00005321 =#. 


This x being invelved with the reſpective Amounts 1 Days, i in 
the ſame Manner as was done with thoſe for Years (vide Page 2 58) 
the . will be the Anſwer to the Rreſtion, 


Sect. . Annuities or 1enſions in Arrear computed ot 
„„ Compound Intereſt. 


When bites: &c. are ſaid to be in Arrear, ſee Page 248. 
And I ſhall here make uſe of the ſame Letters to repreſent the ſame 
\ Things as before in that Page, fave only that R is here equal to. 
the Amount of 1 J. as in Sectio -n I. of this Chapter. 

Suppoſe 1 the Firſt Year's Rent of any Annuity without 
Intereſi. 

KNEES the Aware of the Firſt Year”s Rent, and i, s 
Then will Ru T 25 Intereſt; More the 2d Year's Rent. 
tr \ the Amount of the Iſt and 2d Years Rents, 
and RR RA Ku 1 with their Intergſis; Mote the 3d Year's 

Rent, &c. | 

Here RRu+Ru+u = Athe Amount of any Var Rent or An- 
nuty, being ſorborn Three Tears, And from hence may, be dedu- 
ced theſe Proportions, | 
Viz. u: Ru:: Ru: RRu: RRV: RRRu and ſo on in => for any 
Number of Terms or H. zars denoted by t, Whelcin the laſt 'T erm 
will always be a R. r. 

Conſequently 4 - 1 R. — 1 the Sum of all the Antecedents 
And A—u = the Sum of all the Conſequents in the Series. 0 
And therefore it would be 4: 1 R. : A—Uu A Eu. Vide 

Page 188. | 


Ergo Au —uu= Ru A—uu Rt which, being divided all by u, 
will e A—u—=RA—u Rt. 


From this laſt ee it will be eaſy to raiſe the following 
Theorems. 


Theorem 1. 1 A Theorem 2. 12 _— 


RS : 


— 1 


Theorem 


r 5 
r APES NOR b 
*% 4 * * & d . 
** =- 
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RA +1 Fra. 95 =, Ifthis Aguation be cominually 


The Tien 3. 7 


.U 


divided by R, until nothing remain, the Number of thoſe Divi- 
ſions will be t. See Page 255. 


Thevrem-4. 14 


into Numbers, according to the Methcd propoſed in Seat, 3. 
Chap. 10. the Root will thew the Fe alue of R. 


r this Ei uaion be reſolved 


u Ry 


Queſtion 1. V 301. Yearly Rent, or Annuity, &c. be For- 


born (i. e. remain unpaid) Nine Years ; what will it amount to, at 


b per Cent, per Annum Compound Intereſt? 


Here is given 4 = 30, r= 9, and R = = 1,00 ; to find 4. per 


T Rear ola T 


* = =x 689479 By the Table of Amounts fo Years 
| . 


S == $0,684370 5 


Uo EE 


u egg 20694370 3647395 3440 14.914. . 4 


the Amount required. 


Mueſtion 2. Mat Yearly Rent or Annuity, &c. being Ver- 


| born or unpaid Nine Years, will raiſe a Stack of 3441. 145. 954. 


= 3447 395, at 6 per Cent. &c. 
Here is given A= 3447305, FX on and * = = 1,06; to find u. 


per Theorem 2. 


AR = 344.7395 X 1,06 = = 365.4238 
—A = 34417395 


K'—1 = 1,689479—2 = 0,689479) 20,68437 (3 


Queſtion 3. In what Time will 3ol. Yearh Rent raiſe a 
Stock or Amount to 3441. 145. = ; 4. al lowing 6 per Cent. for the 


Forbearance of Pa; ments? 


Here is given u = 30, A = 31437395) 5 R= = 1,06; to find 


per Theorem 3. 


Firſt AK CA 365,42387+30—34437395 = = 50, 68437. 

And u = 30) 50, 68437 (1, 6894790 = Rt. Then 

R=1,06) 1,689479 (1,593848. And 1950 1893848 (1, 50 363; 
and ſo on until it become 7,00) 1, 06 (1. which will be at 

the Ninth Diviſion; therefore t = 9. 


M m 2 | Or 


— — — — "Age. — — er 
Or 72 = 1,689479, being ſought i in the Table of Amounts for 


Years, will be found to 0 Kan over againſt 9 Tears, which is the 
Time required, | 


Nueſtion 4. Is 301. Pen. 3 being unpaid Nin Years, 
will amount 10 3441. 145. 9 2 d. allowing Compound Intereſt for 
every Payment as it becames "-; What muſt the Rate of Inereft be 
- per Cent. . I 
Here is given 2 — 30, 42 4.7395, and 1 = 9; to find R 


by the laſt of the Four Equations, Vis. * — E 4.— > 
4 
Firſt £ = „ = = 17,491317. And Ze = 10, 491377. 


| Hine there i is this Equation ; 3 11,491317 R— _ Ro = = 10,491317 
_ Let|r|r + = R, and ſuppoſe r = x 


1&9 2 7? ＋ grie ＋ 36r1ee= Rv 
1x <inNum.|3 11,491317 + I1,491317e=11,491317R | 
2 in Numb. 4 1,000000 + 9,000000 e + 3bee = RO 
3—445 10,40 1317 + 2,4913176 — 306 10, 49131) 
Whence 6˙ 36e = 2,491317e 
6 — 36 17 fe o, o6 &c. 


5 (As nay le eaſe ly try'd by invol- 
| 8 21 06 1 — 1,00 = © ving it, and ordering 1 it, as the 
9 Equation above direct. 


Sect. 3. To find the Preſent Worth of Annuities, Pen- 
fions, or Leaſes, &c. al Compound Intereſt. 


Let P= the preſent North of any Annuity, or Teal &c. and 
the reſt of the Letters as before. 

Then, from what has been ſaid in Section 3. Chap. 11. about 
pu ng of Annuities, &c. at Simple Intereſt, it will be eaſy 
to form the like Theorems here at Compound Intereſt, viz. by com- 
dining Theorem 1. Page 266, and Theorem 1. Page 254. into one 

Theorem. 
5 3 The „ F any yearh Rent being un- 

For 5 ———— = A paid any Number of Years, Per Theo- 

Nc T4, of the laſt Section. Page 266. 
The Amount of any Principal or Sum being put to 
And PR,= 4 A for the fame Number of Years, Per 
Theorem 1. Page 254. 


Hence 
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” 
——__— 


1 Rt — 17 


Hence it ble, That F 2 


Via. PR. —P Rt=wu Rf —u being the very ſame Agustin 
with that of my Compendium of Algebra, Page 112. which is there 
raiſed from the Conſideration of purchaſing Annuities, or taking of 
= Leaſes, &c. to be grounded upon a Rank or Series of Geometri- 


5 cal Proportional continually decreaſing. Thus = Þ is the Firfl and 
= Greatefl Term; R the common Na of all the Terms; ; and Pi is 
the Sum of all the Series. 

: 5 

RR * NN * * K 


: That is, K 20 
= + witil the laſt Term = * Then will Dom R = be the Sum of all 


e. in 


1 the Antecedents, and Bo 1 the dum of all the Conſequents, 


Therefore it will be 


95 th fa Rat 2 222 „ 

FS 59 Or (in the ſame Ratio) 2: 5 Fr P R 

vhich produces PR. ＋ uu R. P Rt — 2. As above. 
From chis qua may be deduced the loving Terunt. 


| | — 3 
25 Theorem 1.45 Rt =P. 8 2. FE; FRxR: N. = 
| ; R—1 | 55 Kt — 1 


K* J Which, being continually divided 


: 1 3· 5 5 ITIF 25 oy R, will give t. 


deen 4 IB = R. R Rr Eu. The Reſolving of 


F : which Ane will diſcover the Value of K. 


Queſtion 1. What i ts 301. Yearly Rent, to continue Seven Years, 
worth in ready Money, . 6 per Cent, Compound Intereſt to 


1 the Purchaſer? 
Here is given 2 = 30 t 7 . and R = 1,06, to find P. 


per Theorem 1. Viz. = * : = = 29.9517 


2 Then 


— — a — ber _ — ation A — — a — 
\ 9 1 dp. Loo 2 * 2 — 8 * , * * m 3 
— D ” > * : < © "AE —— err © I 
M II en 4 — — « we » r N 
* 


* * 
— 5 44 


being the Anſwer required. 


And — PRt 167,47 16 1, 50363 = 153 


That i is u 30 l. the Anfever required, 


* * 2 — 


* —_ 7 
e : 4 wes” p —— va, > es , . 


e 7 Part Il. 
Then R— 120500 10,048 30 167,47 16 =P * J. 9 =T7 | 


i Queſtion 2. | What Annuity or Yearly * to continue Scum x 
ars, may be purchaſed for 167 J. 7 5. 5 d. allowing 6 per LR Y 


C e dnereft. to the nher [4 


In this Dueftion there is given P= 167,716 t 1. 
And R= 1,06 to find « , By the Second Theorem. 
Firſt PRt x R = 251,8153 x 1,06 = 266, 9242 


Then Rt — 1 = o, 50363) 15,2089 450 WY 


. 3. How long may one haves a Low of 301. Yearh . 
Rent, For 167 l. gs. 5.4. eu 6 ** Cent. e Wee = 
to the Purchaſer ER 1 


- Here j is given P = * 167,47 16 1 30 A R= 3,06 | to J 


Firſt P+u=167,4716 + 30 197,4716 
And — PR = 7755 199 


is the true Anjuer required, 


- Queſtion 4. Suppoſe one ould. give 167 1. 95. TP) in; the 'S 
Purchaſe of a Penſion, or Annuity of 301. per Annum, to continue 
Seven Tears; At what Rate of Intereſt, per Cent. would that Pur- 2 


chaſe be made, allowing Compound Intereſt to the Purchaſer 2 


In this Quęſtion there is given, P = = 167,4716 . ½ = 30 and - | 
2 7 to find R. Per Theorem 4 in this Equation 5 22 


a Then 19,9517 )30=u 4 155 0363 f 5 


If this 1,5036 2 Et be oicher continually divided by 1,06 =R - 
until nothing remain (As before in Page 255.) Or if it be ſought 
in the Table of Amounts for Years, &c. it will diſcover, t 7 which | 


REI 


P | 


Ri. -R. ＋ R. ＋ which being brought i into Numbers, and its Root 
extracted, as in the fourth Due/tion of the laſt Section; the Value 
ef R will be found 1,06, and then it will be 1: 0,06 : : 100: 6] 
the Nato per Gent, as was required, 


Theſe | 
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Theſe Four "Bueftions include all the Varieties that can be pro- 


2 poſed about purchaſing Annuities or Leaſes, &c. which are to be 


either immediately enter'd upon, or in Poſſeſſion at the Time 


= when the Purchaſe is made. 


But ſuch Quęſtions as relate to A or taking of Liaſps, 
&c. in Reverſion, muſt be parted or divided into two diſlinc: Quęſti- 
ons, each to be ſeparately conſider'd by itſelf (See ar. 252.) A 


in the following Example. 


Example 1. Suppoſe it were required to compute the orefent Worth 
ef 75 1. Yearly Rent, which is not to commence or be enter'd upon, until 
Ten Years hence; and then to continue Seven Years after that Time 


= at 6 per Cent. Sc. Compound Intereſt ® 


The Firſt Work in this Dueftion i is, to find what 751 per An- 
num, to continue Seven Years, is worth in ready Money; as if it 
were to be immediately entered upon: And to perform that, there is 


given u = 75. R=1,c6, and f = 2 to find P. as in the Firſt 


. of this Section. 


Thus, . E. == = = 498793 And 15—49.3793= = 2551207 


Then, 3 = 0,06) 25,1207 (418, 6783=418 1 145. 62 2 4. 
the Anſwer to the Firſt Part of the Queſtion. 
Then the next Work will be, to find what Proadjal or 928 
being put out Ten Years, at 6 per Cent. &c. will amount to 4181. 
. 63d. Here is given 4 = 418,6783, R = 1,06, t = 10. 
> find Þ. Per Theorem 2. Page 254. 5 


Thus RIO = 1,790847) 418,6783 = 4 (233.7884 = = 2331. E 


15 f. 9d. the preſent Worth of 7 Ss per Annum in Sts &c. 


As was required, 


Example 2. What Annuity or yearly Rent to be nter d upon Tim 


Tears hence, and then to continue Seven Years, may be purchaſed for 


2331. 155. 9 d. Ready _— at 6 per Cent, Se. Compound In- 
Fere/t 4 


In the rf Work of this Dueftion there is given, 1 — 233.7884. 
R = 1,06. and f = 10 (the Time which the Aunuity, is not to be en- 
ter'd upon) to find A. Per Theorem I, Page 254. J 


Thus, P * = 233.7884. X 1, 79084) = 418,783 = A the 


Amount. 


_ — . ry . 
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Amount of 233 5 1 5 5. 94. put to Interef Ten Ya ears, at 6 per Cent, 
&c. Then for the Second Work of the Quęſtion there is given 


P= = 418,6783. R= 1,06 And t = 7 (the Time that the Annuity 
is to be enjoy d) to find u. Per Theorem 2. of this Sefion. 


Thus PR*'xR=418 6783 * 1, 50363 x 1, 66. 667, 305 
— P Rt = = 418, 6783 x 1, 50363 = 02945372 


Rt 1 = 0,50363) esl 
That i is, u =7 gl the yearly Rent required by the 2 weft ion. 


Theſe Two Examples of finding P and u do fully ſhew the Method 
that muſt be uſed in Reſolving the two ee and indeed, the 

moſt uſeful Quęſtions about Annuities or Leaſes in Reverſion. And 

if there be Occaſion, either the Rate, or the Time, viz. R or t, may 
be found by a due Application of theic reſpective Theorems. 


Note, That which hath been done in the two loft Se Rions about Ar- 
nuities or yearly Rents, &c. at 6 per Cent. may alſo be done for 7 


Kate of Intereſt, by applying the Difference of the 2 (ri. x) 
directed i in the Fi Section 7 this — 


| Now becauſe that Rents and Annuities, &c. are uſually paid either. 
by Ruarterly or Half-yearly Payments, and the Method of compu- 
ting them by the Pen may be thought a little troubleſome z I have 


Inſerted the Ag Tables of the Amounts of 1 1, for each, at 6 
Jer Cent. 15 


ö 


= The Amounts | — The Amounts| I} The Amounts} 
| 5 of 1 J. at 6 per || | of 11. at 6 per | of 17. at 6 per | 
Cent. Com- . * Cent. Com- Cent. Com- 
— pound Intereſt. © pound Intereſt. 8 pound Intereſt. 
1 1,0295630141| 11 73777875592 21 1,8437905 523 
21, o6 12 1,4185 191122] 221, 8982985583 
3| 1,0613367949| 13 | 1,4604548127| 23| 1,9544179853 | 
41,1230 141, 5036302590 24 2,0121964718 
5 1,1558 170026 15 . 8 987 3 2,07 16830644 
61, 191016 16 1, 893848074 % 26 2, 1329282601 
7 12262260228 171, 6409670276 27 2, 1959840483 
81, 26247696 181, 6894789589 282, 2609039557 
9| 1,2997995842] 19 | 1,7394250493] 29 2,3277430 12 
101 1, 3382255776 20 


22884769551] 030 — 9 — 


Quan | 
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Quarterly Amounts. 


The Amounts 


11 The "Amounts The Amounts| Z / 
| N of 17. at 6 per g of 11. at 6 per 705 of 1/7. at 6 per 
Cet. Ke. Cent. Kc. Cent. Kc. 
| if @ | Comround | + | Compound 3 ql = Compound 1 
{ © © | Intereſt. Intereſt. 2 Q | Intereſt, 
| wy . x 1 * — — — a 
| 1] 1,0146738461 | 13578024938] 41 |1,8171263199] 
202956314 22| 1.3777875592| 42 |1,8437905523| 
3| 1,044670663 4 1,3980050019] 43 | 1,8708460509 
| 4| 106 24 1,4185191122 1,8982985 583. 
1 1, 75554769 54393342435 „9261538989 
4 | 65 1.091 3367949 | 1, 46045 4.81 27 1, 9544179853 
| 7| 11073509032 274818853020 1,98 30908140. 
811.1236 | 1,5036302590 2,0 1219647184 
911400875335 29 1,5250942978] 49 | 2,0417231330 
] IO 1,15608170020  1,5450821017| 2,0716830044 
11] 11737919574 | 31 1, 707984203 2, 10208262284 
| 42|1,191016 | 32 | 1,53938480745] 522, 1329282601 
| 123| 1,2024927856| ' 1,6172359557| 2,1042265211 
14 | 1,2262260228 | 1,6409670276 2,1959840483 
151, 2442194748 1, 6650463253 55 2, 2282075801 
. | — — | F . f Ne ae CL Roe F 
| 16] 1,26247696 1,6894789589| 2, 2609039557 
1711, 2810023527 | 1,7142701133 2, 29408011233 
18 1,2997995542 1782 58423 2, 32774309012 
19 1,3188720433 | 39 | 1.7049491048] 59 2,3619000349 
20] 1,3582255776 | 179084769651 60 | 2,3965581934| 


Either of theſe Tables may alſo be made uſeful for any propoſed 


Rate of Interejt; b 
Rate = x, &c. 
As for Inſtance, 


y making the 2 or + of the Difference of the 
Suppoſe any of the aforeſaid Due/tions about 


Annuities or Rents, &c. were tobe computed at 8 per Cent, per Annum. 
Then 1,08 — 1,06 = 0,02 = x for yearly Payments; as before, 
* Conſequently 2) 0,02 (0,01 = x for Half. Year's Payments. 
: Or 4) 0,02 (0,005 = x for Quarterly Payments. 
Nuo theſe Values of x, although they are not really true, yet 
they may ſerve indifferently well for ſmall Rents ; as J have alrea - 
dy ſaid, Page 265. But if you would work exactly; 


Then y 1,08 = 1,0292304845 &Cc. 
2 % 1,06=1,0295680141 Pide 


Difference = o c 0966247 


Nn 


Table, Page 272. 


04 = x for half-zearly Paj ments. 


And 


* EW 


: " „ - oe 


5. P 


And \/ : 


* 1,08 — oraz: &c. 5 
y 1,06 = 1, 0146738461 See the lf? Table. 


Their Difference 0,0047 5246 3 r=. for Quarterly Payments, 


Theſe are the true Values of x, which being involved with their 
reſpective Amounts (as before for Years, &c.) according as the 
Dueftion requires, the Reſult will be the Anſwer at 8 per Cent. &c, 
The 5 may be done for any other Rate, either Greater or Leſs 
than 6. Bs 1 

Now, altho' the Method uſed here (and in Page 257 and 
258, &c.) be really true (by which the Tables calculated only 


for 6 per Cent. are made effectual for all Rates of Compound Intereſi) 


bay it was rather propos'd to ſhew what may poſſibly be perform'd 
y the Pen, without a great many Tables of ſeveral Rates, than in- 
tended for common Practice. | N 
PFeoor it muſt needs be confeſs'd, that Tables, calculated on Purpoſe 
for any deſigned Rate of Interęſt, are much more ready and uſeful 
in common Practice. And therefore ſince the Legiſlative Power 


hath thought fit to reduce the Rate of Interęſt, and hath ſettled it 


by an Act of Parliament, at 5 per Cent. I have therefore been at 
the Trouble (which was not a little) to calculate the following 
Tables for that Rate; but don't think it convenient to take the Ta- 


bles at 6 per Cent. out of the Book, becauſe the Examples are all VT 


ſuited to them; and not only ſo, but they may be found uſeful in 
the taking of Leaſes for Houſes, £c. For in thoſe Caſes, the Pur- 
chaſer is allowed more Intereſt for his Purchaſe Money, than the 
common Kate paid upon the Loan of Money. | 


9 9 1 
8 
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Here follow New Tables of the Amounts of. one Pound at the 
Rate of 5 per Cent. per Annum Compound Intereſt, For Years, | 
Hal 4 Years, * * and N : 


PE... The Table of the Yearly em of 5 7 
1 i| <| The Amounts | < | The A h 1 
| l's COTS 5 | | Jl — || I lk. | 
a | 3 JETS. E oF 
I PLL Y 141.9799316 | 27] 373345632 | 
21, 1025 PR 15 2.078928 18 28 3, 92012914 
. — 29411613599 
1 4 . oe 162, 18287459 39 4˙32194239 
51, 27628156 17 2,29201032 |. jo————=] 
An, nn mw | 18|2,40661923 31 [4353803949 
6 1, 34009564 19 2,5 2695019 42 4,764.94.147 
71, 407 10042 20 2,65 329770 | 33 500318854 
8 1,47745544 4 344525334797 
9 1,55132822 21 2,78 596259 | 35 [551601536 
10]1,02889463 | 222, 92526072 — — 
— — 23 307152375 | 36 9979181613 
1111,71033936 | | 24/3-22509994] | 37 0,08140694| 
1211,79585633 | | 25| 338635494] | 331938547729] 
| 13 — I 26 55507209 1 nt} 151 
a” The Table of the F. e Amounts of I 4. 0 = 
II = The | . 3 The + 11 80 The 
* <| Amounts off l . Amounts of + < | Amounts of 
'8| 1 1 Kc. 911 Kc. a 14.:&6. 
— — — — —— 3 | c | 
I 1,02409507| | 11|1,30779943] | 21|1,66912030 þ 
2] 305-7 --+ 121, 34009564 22 1,71033936 
3 1,7 592983 131,373 18940 23 1,75297632 
41,1025 | 141,407 10042 241,79 585633 
5 12972632 | 15[1,44184887 25 |1,84020513 |] 
917376, | | 16|1,47745544 26 | 1,88564914 
t © 7]1,18621264 17] 1,51394132| 271, 93221539 
81, 21550625 1811,55 132822 281, 97993 160 
911,245 52327 191, 58963838 292, 02882616 
101, 27628156 20] 1, 62889463 30 | 2, 7892818 
N n 2 Hl. The 


CE "CO I—_ — 


* — 222444 0—pͤ K — 
Ref MESSE. r 


N 
N 
4 
þ 
i 
o 
?! 
1 
5 
1 
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an. The Table of the Quarterly Amounts of r I. &c. 


ö 12 Ks & Iv i bi 2 * The 
Amounts of Amounts of | e | Amounts of 
1/. &C. V 
15012272234 21] 1,29194439] | 41 | 1,04888480| 
1,2469507 |} 221, 30779943 | 42 | 66912031 | 
1,03727037 | | 23 | 1,32384905 43 | 108960414 
1.05 | | 24| 134009564] | 44| 171933936 
1,0628858 5 25 1, 356541611 45173132904 


— 0 a — - , — — 


. 
Se 


— 
7 


— — —4— — | n — — 


—— 7 


r,08913389 | 27 1,39004151| | 47 7486735 


1,12972032 | 301544184887 8 1,8 4020513 | 
F pet ; 
1,4359059 | 31] 145954358] | 51 1,86278856 
121157625 [ 32| 1,47745544: . 88564914 
| 13|1,17183164| | 33 1,49558712] | 53 | 1,908790z7| 


— _ _—_—— 15 — — 


52); 00 on len 


» - 


15j1,20077012f 35,5325 2076 [551.9592799 
161, 21550625 361, 551328222 | 56 | 1,97993160f 
17 1,230 423233 37 1,5706648 572. 00422978 

181,24582327 38 1,8963838 58 | 2,02882616| 

191, 60808623 | 39| 1,60914680| | 59 2.05372439 

| 20 j1,27628156 40 1.62889 403 1323 . Go 6075925194 


| e 5 Table of the Month Amounts of I . &c. 


1,00407412 


1,01227223 | 
4: 1,01039630 


Wo 033061551 1 12] 1,05. 


„ 


NOTE: The 1 af one Pound, for one Day, i is 
I,0001 330807225, &c, (found as that in Page 260) but in the 


tollowing Tale, I take only Nine of thoſe Figures, as being ſufficient 


in Practice, for computing the Intereſt of ** Sum not exceeding 
One Hundred Millions or Pounds. 


V. The 


1,07592983 | 26137318940 46175257633 


e,, 28 | 1,40 100422 | 43 1,79585633| 
1,11603014 | | 29] 1,42436869| | 49 pes coed | 


14|1, 18621264 | 34| 1,51394132| 54193221539 


13 5 02053728 . 9 1,03727037 | 
2 


, The P The 5 1 
| 8 Amounts of ol 2 | Amounts of | | S {Amounts of | 
333 + b-46-86.:-17 5-204: 36: 6 
11 * + 28 * 

g | 

2 

3 


1000 | 11]1,04573953| 
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. The Table of the Daily Amounts of 17. &c. 


; 


. 
== Sud 


_ — 


3 — | 


OOO © 


| 1,00147147 


"The -- 
Amounts of 
Fu K. 


2 — 


15,00 13368 
1,0026738 
1.00040109 
1,005 3483 
1500066858 


1, 0080235 
1, 0093614 
15,0 106994 
100120377 
100133761 


1,0160535 


2 


— cron — 
— 


1, 0227 9% 
1,0240899 


1,0026770 
1,00281105 
1,00294510 
1,00307918 


1,00348151 


1,00415242 


$,00442091 
I,00455518 


1,00173924 | 
1,00187315]| | 
] 1,00200708 | 


1,00214103| 


1,00254299 | 


1,00321327| 
1,00334738 


_ , : 


1,0361565 

1,0374982 
1, 00388400 
1500401820 


1,0428605 


1,0468947 


The 


Amounts of 
rn . 


100692376 
1, 00495 810 


1, 00509245 
1,008 22681 


1,005 30119 


_- _ — 


„00549558 


1,09503000| 


| 1,00570443 


1,05589888 
1,00003335 


1,00010784 | 
1,00030234| 


1,00043687 
1,0657141 


1,00670597 : | 


1,00684055| 


1,00097514 
1,007I0975 
1,00724438 
— 7572889 


1,00751370 


1,00764839| | 


1,00775309 
1,00791781 
I,00805255 


— — — 


1500818731 


1500832208 


100845687 
1, 0859168 
1 


—_ — — 


1, 0886136 
1,0899623 
1500913111 


1,0926601 


1,009400931] _ 


. 


—— 


1, 09805 79 


1,0107112 ; 


1,01088623| 


1,01156209| 
7 | 1,01159732 |. 


1,01204441 


1,01318600 
150133214515 


1.01372788 


1,91413448 


— . 


The 
Amounts of 
T4 &c. 


1,0095 35 87 
I,00907082 


” 
TT bx; * enki * 


1,0099499 
101007579 


1501021083 | 
81034387 
1,0 1048093 
1,0 1061602 


15011021371 
101115652 
1,01129169 
e 13 


1,01183256| 
1,01196783] 
I,012I03L1 
1,01223841 


1,01237372 
1, 01250906 


101277978 


_ —_—_ — 


1,01291517| 
1,1305058 


I 01345091 


1,01359239 | 


1,01386340 
1.01309893 


2 


Days 


Part Il. 
[The 3 The 
Amounts of Amounts of Amounts of 
1 J. Se. 1. &. 1 J. &c. 
e 1,0197075 1,025 17459 
1, 014405644 1,1984406 1.02531164 
101454125 1,0 1998039 1,2544870 
1,1467687 | 1,02011675| 1,02558578 
1,0148125 2 1, 02025312 8,02572288 
1,01494818 1,2038950 1,025 86000 
1,0 1508386 1,2052591 1,2599714 
1,0152195 5 1502066234 1,0261 3430 
1501535527 1,2079878 102627147 
101549100 1, 20935 24 1,0264086 
1,01 562675 1,02107172 1,0265 4588 
1,0157625 2 , o2 120822 1,2668310 
1,01589831] 1.02134473 1,2682015 
1,0160342 102148127 1,2695762 
| Mee ett | I ,92709498 
1501630578 102175439 1,02723221 
1,01644164 | 1,02189098 1,0273695 3 
1,01657752] 1,02202758 1,02750086 
1,01671349] | 1,02216421 1,02704422 
1,01684933| 1, 22 30085 1, 02778160 
1,0 16985277 1,2243751 1,2791899 
1,017121224 102257419 1,2805 640 
1,01725719 1,0227 089 102819384 
1501739317 „502284701 102833129 
| 1,01752918 1,022984.34. | 1,02849875 
1,01766;21] 1,02312109| 1,02860924 | 
1,01780125 1,02325787] 1,02874375 
1,01793731 1,2339460 1,02888127 
1,01807338 | 192353147 1502901881 
101820948 1, 02300829 1502915637 
1,0183485 59 611, 02380514 1,02929395 
1501848173 1,2394200 1, 02943154 
1, 01861788 1,2407888 1,2956916 
101875405 1,2421578 1,02970079] Wl 
1,01880024| 1,02435270 1,02984445] Þ 
1,0 1902644 I 02448964 I ,0299821 2 
1,01916267 1,02402659 1,03011980 
1,01929891 | 1,02470350 2] 1,03025751 
101943517 1,03490055 103039524 
1087145 15025037 50 1,0305 3298 


Days 


_— 


IF. 


% [420 
15 . 


Chap. 1 


"Of Compound Intereſf. 


* 
* } ”- 
Wh 
* 


| 


6 
The: Wc: The | ol The: - 
>= [Amounts of | >5 | Amounts of » x | Amounts of 
|| 217 &c. | © 16 0G: || 14 &e 
- a 1,03067074 266 | 1,03619636 1300 104775165 : 
227|1,030808;2h | 267 | 1,03633488 | | 307104189086] 
2281, 3094632 2681, 03647342 308104203015 
2291,03 1084144 | 2691, 036611971 | 3091, 042 160944 
2301, 3122197 270 03675055 J 310 abe e | 
— | e N ' — 8 
231|1,03135983] | 271 | 1,03688914 | | 311]1,04244810 | 
232|1,03149770] | 272 | 1,03702775 312428245 
2331,03 163559 2731, 03716638 313 104272083 | 
234 [103177350] | 274| 1,03730503] | 3141104286622 | 
2350031911434 | 275 | 103744370 315, 430056634 
236 1,03204938 427 7,3758239 316 1, 04314506 IF 
237|1,03218734| | 277 | 1037721099] | 317104328451] 
238[1,03232533] | 278 | 1,03785982| 318,04342297 
239|1,03246333] | 279 | 103799856] | 319 1,04356346 : 
2401, 3260135 280 | 1 03813732 | 320] 104370297 
24111,03273939] | 281 | 1,03827609| | .z21 0438449 
2421, 03287744 2821, 03841489] 3221, 4398203 
243103301552] | 233 | 1,03855371 3231104412159] 
244|1,03315361 284 | 1,03869254 324. 1,04426117 | 
74503329173] | 255 | 103883139 325 [104440077] 
246 1,03342986| || 286 | 1,04897027 3261, 04454038 
2471, 3356801] | 2871, 3910916 3271, 4468002 
2481, 033706170 | 288 | 1,0392481) 3281, 4481967 
249 1,033 84436 | 289 | 1,03938699 3291, 4495934 
2501, 03398157 290 | 1, 3952594 330 104509903 
2510,34120 | 291 | 103966491 331]1,04523874 | 
25211,03425903] 2921, 03980389 332,045 37847 
25311,03439729 293 | 1039942389 | | 333]104551822| 
 254[1,03453557] | 294 | 1,04008191| | 334[1,04565798 
#55 (123497397 ] 1 595 1 3:04249095 335 [1204579777 
256 034812180 | 296 | 1,04036001 | | 336 104895755 
2571103495052] | 297 | 1,04049908] 3371, 4607739 
25811,03508887| 298 | 1,04003818| | 338]1,04621723 
2591103522724] | 299 [1,04077729] | 339|1,04635709 
200 1,035 36563 3001, 4091642 3401, 4649697 
261 103550404) 301 1.0410c5 <7 | 341[1,04663686 | 
26211,03564247 302 1, 41194744 3421, 04677678 
2031, 3578091 3031, 04133393] | 3431,0469 1671 
264 [1,03591938] | 304 [1,04147314| | 344|1,04705667 | 
| 265 1,-3005 786 : 305 1,04161236 3451, 4719664 
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%,] 4, eg - - "Pai II. 
| S| The BY e The 
>= | Amounts off | "Ss | Amounts off | * x Amounts of 
|| 24 Ke. 1 11. Ke. E 
—— — 8 | — X _ —_ — 
| 346 1,04733663| 353 1,04831708 | 360 1,04929845 


{ 347; 1-c4747064| - | 354 |1,04845722] | 361] 1,04943872 
| 348 1, 04761666 355 1,048 59738 5 362 1,0495 7901 
| 349! 104775071] | 350 |1,04873756| fl 3631, 04971932 
q 350! 1,4789677 | 357 | 104887775 | { 364 | 1,0498596; 
| 353} t,oqbqo86] | 358] 1104991797], | 355 1 1,04999999 
352 1,048 7695] | 359 104915820). | 366 | 1,0 


I think it needleſs to fay any. Thing of the Vie of theſe Tables, be- 
cauſe I apprehend, that whoever underſtands the Work of the fore. 

going Examples, at 6 per Cent. cannot but know how to make uſe of 
theſe Tables at 5 per Cent. as Occaſion requires. 

Thus far concerning Annuities, or Leaſes, &c. that are limited by any 
aſſigned Time; and 'tis only ſuch that can be computed by Theorems or 
certain Rules, For with regard to the Value of an Annuity for Life, 
It depends upon the Intereſt which Money bears, and the Probability 


of the Life continuing a longer or ſhorter Time; the former of which 
_ bs generally ſettled by "Now but the latter muſt be determined from 


Obſervations. 
| We ſhall here add the followi ing curions and uſeful Table, ſhewing 
the Probabilities of Life, deduced from Obſervations made at * 

in S:/e eff 7a, by Doctor Halley, and at A — by My Smart. 


CZ 42 * = 2 8 2 1 22 
2 5 
ee 
1280 | born 468-431 28441 123 | 61 
870 1 | 440 | 22 294 | 42 11762 
7280 2 441 | 23 264. | 43 | | 227 | 63 | 
SR 434 | 24 255 | 44 | | 105 | 64| 
6oo | 4 420 | 25 246 [45 | | 9965 
1505 418 | 20 27 40;1--1--. 93 }-66 
564% 6 410 | 27 228 | 47 87 | 67 
| 551 oe 7 | 402 28 220 | 4.8 | | 81 68 
541 | 8 | | 394 | 29 212 | 49 | | 75 | 69 
i333 |.:9:1--|-: 358. 1 39 204 | 50 6g | 70 
- 524 | 10 370 | 31 190 [$4 | 64 | 71 
517 | 11 307 | 32 188 | 52 59 72 
510 | 12 13533 180 | 3 34 73 
504 13 3494 172 54 49 | 74 
498 | 14 | | 349 | 35 165 | 55 45 | 75 
492 | I5 331 | 30 158 | 56 4176 
486 | 16 32 -HD 38 | 77 
| 480 | 17 313 | 38 | | 144 | 58 35 | 78 
474 | 16 304 | 39 137 } 59 3* | 79 
468 | 19 294 40 130 | 60 29 | 80 
| 462 1 20 | 
Now 
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Now, in order to ſhew the Uſe of the foregoing Table by an 
Example, let it be required to find the Probability that a Perſon of 
36 lives 30 Years longer, or attains to the Age of 66 Years : Look 
in the Table againſt 36 Years and 66 Years, and correſponding 
thereto, you will find the Numbers 331 and 93 reipectively; 
ſhewing, that out of 331 Perſons lwing of 36 Years of Age, only 
93 of them arrive to the Age-of 66 : Therefore, ſeeing the whole 


the Number remaining alive at the End of it, in the Ratio of 
231 to 93; the Number of Chances that a Perſon of 36 Years 
of Age has to live 30 Years longer, will be to the Number of 
all the Chances that he has both to live beyond, and die within 
is the Meaſure of the Probability required; the Probability of 
the Happening of any Event being always to be conſidered as 


to all the Chances which it has both to happen and fail, _ 
This being underſtood, ſuppoſe it were now required to find 
the Value of an Annuity of 2007. for a Liſe of 20 Years of 


1c. due at the End of one Year (Diſcount being allowed) is 
Year's Rent, was the Purchaſer ſure to receive it; but the Pro- 
bability of his living one Year appeating ſrom the Table to be 
only 435, the aforeſaid Sum 96.15, in order to make a juſt 
Deduction out of it for the Contingency of his dying before the 
End of one Year, ought to be diminiſhed in the Ratio of 462 
to 455, or multiplied by 455, which will reduce it to 94.7, 
equal to the true Value of tke firſt Year's Rent. After the tame 


for, ſince the Probability of receiving this Reat, or of living 


Value of 100/. to be received at the End of two Years, and 


. 


Rent. 


may be determined; and the Sum of all theſe will be the require! 
Value of the Annuity ; which will be found to come out 1480/7, 
very near. | _ Es 

| Thoſe who are deſirous of ſeeing theſe Inveſtigations extended 
to finding the Value of two Lives, and then of three Lives, 
&;, may conſult the late 2 Thomas Simpſon's Treatiſe 2k 
; BE | O0 0 5 t 


Number of Perſons living at the Beginning of this Term, is to 


30 Years, in the ſame Ratio of 331 to 93; and therefore 23. 


the Ratio of the Chances which that Event has to happen,” 


Age, Intereſt at 4 per Cext. Becauſe the preſent Value of 


90.15, it is plain, that ſo much would be the Value of the firſt 


Manner may the Value of the ſecond Year's Rent be calculated; 
two Years, is 445, let this be multiplied into 92.45, the preſent 
the Product 89.65 will be the true Value of the ſecond Yeai's 


+ And, by a like way of proceeding, the Values of the third, 
fourth, fifth, &c. Yeat's Rent, to the utmoſt Extent of Life, 
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this Subject; from whence the foregoing Table, and Explication 
— was tranſcribed. 


Sell. 4. Of W Free bold, or Real Eftates, 


at Compound Intereſt. 


Al Free- bold or Real Eflates are ſuppoſed to hs purchaſed or 
bought to continue for ever (viz, without any limited Time); there. 
fore the Buſineſs of computing the true Value of ſuch Eſtates is 
grounded upon a Raxk or Series of G eometricat, n con- 


tinually decreaſing, ad Infinitum. 


Thus, let P, u, X, 8 the ſame Data as in Lo laſt Seftion 


Then the Series will be, K. XLR E Ke F 2 and ſo on 


in E until the laſt Term o. Then _ P—o (viz. P) be the 


Sum of all the I And P — 5 will be the Sum of al 


pi Conſequents; 3 therefore it will hex u: K : „„ * which 


produces PR- 1 = P. 
This Æguation affords the following Theorems. 


| Theorem 1. FRP = I 1. Theorem 2. 12 = — N. 


Theorem 3. | —_ 8 K. 


Example. Suppoſe a Free-hold Eſtate of 75 J. 1 zarl Rent were 
to be fold; what is it worth, allowing the Hoyer 6 per Cent. &c. 
Ermpound Interefl for his Money ? | 

In this Qugſtion there is given # = 75. Rr 1,06 to find P. 
Per Theorem 2. Thus R 1 = 0,06) 75 = u (12501. = P. 
the Anſwer required. And ſo on for any of the reſt, as Occaſion 
requires. Bot if the Rent is to be paid, either by Quarterly, ax 
Half hearly Payments; 
Then R= / 1,06 for Half-yearly 1 


And R v :\/1,06 for Quarterly 1 payment at 6 per Cent. 


X 9 for Yearly hs 
Or ) R=y 1,08 for Hal Lt Payments at 8 per Cent. 
CRS Ny: 1, o8 for Quarterly) 
The like is to be underſtood for any other propoſed Rate of In- 
zere/t, either greater or leſs than b per Cent. 
The Application of theſe Theorems to Practice is ſo very eaſy, 
wat it's ne<Clefs to inſert more Examples. N 
A 
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- Mathematicks. | 


PART III. 


CHAP. "TJ; 


f Geometrical Definitions, &. 
Se. 1. Of Lines and Angles, 


| Polxr hath no Parts : That is, a Mathematical Point is 
not any Quantity, but only an aſſignable Place in any 
Quantity, denoted by a Pornt ; ; T 4 B. 
As at A. and B. we 

Such a Place may be concei ved ſo infinitely ſmall, as t5 be ud of 
Langeh, Breadth, and Thickneſs ; and . a Point may be laid 
to have no Parts. - 


2. A Ling is called a Beatin of of one Dimenſi on, becauſe it 

may have any ſuppoſed Length, but no Breadth nor Thickneſs, 

Fr made or repreſented to the He, by the Motion of a 
ont, 

That is, if the Point at A, be moved (upon the ſame Plane) to the 
Point at B, it will deſcribe a Line either frreight or crooked 
according to its Motion. 5 
= Therefore the Ends or Limits of a Line are Points. 


3. ARicur Ling, is that Line which lieth even or 8 
betwixt thoſe Points that limit its Length, being the /horte/t Line 
that can be drawn between any 7 wo { 3 B. 
Points. As the Line AB. 5 : 

Therefore, between any true Points, ther: can lie or be drawn but 


one right Line, 
O o 2 4. A 


* 


r 3 OP" IE 8 8 
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. A 88 e! or OBLIQUE. Line, is that which 
lies bending between thoſe Points | 
which mit its Length, as the Lines > 
CD or FG, &c. 428 e 

Of theſe Kinds of Lines there are ee HE a, 
various Sorts ; but thoſe of the Circle, \ F“ 8 
Parabola, Ellipfis, and Hyperb: la 


are of maſi general Ute in Geometry 3 of which a paritite Account 
ſhall be * un on. 


PARALLEL LinEs, or thoſe 


that lie equally diſtant from one ano- ”— y —3 
ther in all nei Fan, via eh UTTTITITE ! 

| SF POUR . 51 5 LEI 

as being infinttely extended (upn the ee 
fame Flane) wiil never meet: As the ©<- > SUE. 
Lines AB andab: or CD and d. „ W 


6 T.ints not PARALLEL, but INCLINING (viz leaning). one 
towards another; whether they are 

Leight Lines, or Circular Lines, will 
(if they are extended) meet, and make 

an Angie ; the Point where they meet 

is called the Angular Point, as at A. 
And according as ſuch Lines ſtand 

nearer or further off each other, the „ 
Angle is ſaid to be leſ or greater, A 

whether the Lines that include the 3 
Angle be long or ſhort, That is, the ng 
Lines Ad, and Af include the ſame > Angle 28 4 B, and AC doth; 
notwinhſlancing that A B is linger than 4 B, &e. 


All 1 included between Right Lines are called Richt- 
in 4 Angles; and thoſe included between Circular Lines are called 
Spherical Angles. Butall Angles, whether Right- lin'd OJ 8 
fall under one e of theſe Three Denominations. 


A Right Ingle, 
_ An Dbtuſe Angle. 
An Acute Angle, 


g. ARricnur ANGLE is that which is included betwixt Two 
Lines, chat meet one al other Per Tenliculariy. 


That 
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That is, when a Right Line,* as D 
DC, meets with another Right | 
Line, as AB, fo directly as that bs 8 
it neither Sue nor declines to 3 
one Side more than the other, but 1 | 
makes the Angles on both Sides of =. | 
it equal, as at æ, x; then are thoſe. 2125 
Angles called Right Angles; and F 
the Lines ſo meeting are ſaid to be h 
Perpendicular to each other. 

That is, AC, and CB, are Perpendicular to D 2 as well a as 
D C is td either or both of them. 


© An Sinn Axcie is that which is greater than a Right 
Angle. Such is the Angle inclu- 

4 between the Lines AC and 
US : 

10. An Acurn ANGLE is that | 
which is 4e than a Right Angle : © 
As the Angle meluded between the Lines C B and CD. 


Theſe Two Angles are generally called OBLIQUE Hngles. 
SeF. 2. Of a Circle, &c. 


3 Before a Circle and its Parts. are defined, it will be convenient to : 
BP grve a brief Accs unt of Super fictes in general, ; 


1. A SUPERFICIES or SURFACE is the Upper, or very Out A de 
of any vile Thing. But by Superficies in GEOMETRY, is meant 
only ſo much of the Out-/ide of any Thing as is znclofed within 
a Line or Lines, according to the Form or Figure of the Thing 
deſigned; an] it is produced or formed by the Motion of a Line, 
as a Line is deſcribed by the Motion of a Point; thus : s 

Suppoſe the Line A B were equally F 
moved (upon the ſame Plane) to C 4 ==> 
D; then will the Points at Aand E= = 
B deſcribe the Two Lines A C and (=_<@@____—z | 
BD; and by fo doing they will 
form and incloſe) the Sur kRPI- 
c1ES or Figure ABCD, being a Quantity of Two Duet ions, vin. 
it hath Length and Breadth, but not Thickneſs, — the 
Bounds or Limits f. Super fcies are Lines, 


2 Note, 


% Elementsof Geometry, - Fart m 
Note, The e of any Pigure, ts fualy called its AREA. EA. 


2. A CiRCLE is a plane Regular Pigure, whoſe Area is bounded 
or limited by one continued Line, called the CIRCUMFERENCE 
or PERIPHERY of the Circle, which may be thus deſcribed or 
drawn. 

Suppoſe a Right Line, as CB, to have one of its | Bxtream 
Points, as C, ſo fix'd upon any Plane, as 
that the other Point at B may move about 
it; then if the Point at B be moved round a- 
bout (upon the ſame Plane) it will deſcribe a 
Line equally diftant in all its Parts from the 
Point C, which will be the Cirrumference or 
Periphery of that Circle; the Point C, will 
be its CENTER, and the contained Space 
will be its Area, and the Right Line C B, by Winch the Circle is 
thus deſcribed, zs called Rapivus. 

„ 

From hence "tis evident, that an infinite Number of Right Lines 
may be drawn from the Center of any Circle to meet its Periphery, 
which will be all equal to one another, becauſe they are all Radius s. 

And with a little Conſideration it will be eaſy to conceive, that no 
more than two equal Right Lines can be drawn from any Point within 
a Circle to Its Periphery, but from the Center only. (9.6. 3.) 


In 
F - 


CL REIN 
ED 
* n 


3 ack — <4 3-5 3 2% l 
„ » rr FRY In * F 1 "4 22 
8 To nes 9 — rn 2 * "Ky + 5 5 > 
* « g 5 18 7 1 5 * - « 
0 8 * * 
3 2 $ « "20" - 6 _ 
2 n 7, Storrs 18 Son dates. > at * 3 * 4 dat 1 * 


* "xs 


2 1 
_ * 


g 
; 
? 

k 
1 
20 
ö 


3. "Pia: CincrEs are thoſe which have equal Radius's; for 
it is plain by the laſt Definition, that one and the ſame Radius (as 
C B) muſt needs @eferite equal Circles, how many ver they 
are. 


4. The Diameter of a Circle, is twice 3 
its Radius joined into one Right Line; ——7 
as AB drawn through the Center C, 
and ending at the Periphery on each Side. 8 

That is, the Diameter divides the 7 
Circle into Fel equal Parts, 


A Semicirde (viz. Half a Circle) is a Kew included between 
the Diameter, and 0 the — cut of by the Diameter ; as 
ADS. 
6, A 


1 * 
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6. K Donau is s Hal a Semicircle, viz, one Deter of A 
Circle; and 'tis made by the Radius 
(as DC) flanding Perpendicular upon 
the Diameter at the Center C, cutting the 
Periphery of the Semicircle in the Mid- 
ale, as at D. Therefore a Quadrant, 
or half the 8 emicircle, Is the ey 


of a Right Angle. 


7. A cChonp Line, or the Subtenſe 
of an Arch, is any Right Line that cuts 


the Circle into Two unequal Parts, as the Line 8 G; and | is al- = 


ways leſs than the Diameter. 
| 8. A SEGMENT of a Circle, is a Figure included betwixt the 


Chord and that Arch of the Periphery which is cut off by the 


Chord : And it may either be greater or tefs than a Semicircle ; 5 as 


the Figure & DG, or S MG. 
A SECTOR is a Figure included between Whew Radins's of 
the Cirels, and that Arch of its Periphery 1, 
which they cut off, as the Figure ABC: „%% 
And the Arch AB is the Meaſure of 
the Angle at C, included betwixt the 
Radius's A C, and BC. Es 


Note, All Angles of Setters are called 
a at the Center of a Circle, 


10. An ANGLE in he Segment of a "WY is that which i B 
cluded between Two Chords that flow from one and the ſame Point 
in the Periphery, as at D, and meet with the Ends of another 


Chord Line, as at F and G. 


That is, the Angles at D, at F, and at G, are e called ” 
== ole at the Py. or Angles flanding on the Segment of a 


Circle. 
Seck. 3. Of Wine 


There are two Kinds of Triangles, viz. Plane and $ ober ical ; bur 


T ſhall not give any Definition of the $ POR; Re they more im- 
mediately relate to Aſtronomy. 


'1. APLane Tzrancls is a 1 9 5 whoſe Arca is contained 
within the Limits of Three Right Lincs called Sides, including 
Three Angles: And it may be divided, and takes its Name either 


according to its Sides or Angles. 
1. By 
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Perpendicular to each other, as CA 
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1. By! its Sibks. | 1 
2. An EqQuiLaTERAL TRIANGLE, 

is that which hath all its Three Sides equal; 

as the Figure AB C. 

That 1 is, AB—BC=AC. 


1 0 


23. An IsosceLes TRIANGLE, is that which 

hath only Two of its Sides equal, as the Figure 
BDG: That! is, BD=DG; but the Third 
Side B & may be either greater or leſs, as Rs 
cCaſion requires. 


4. A SCALENE TrIANGLE, 
is 4. which hath all its Three 
Sides unequal; 
ſuch as the Figure HR M. 


By its ANGLES. 

. A RicyT-ANGLED Triangle, is 
that which hath one Right Angle; 
that is, when Two of its Sides are 


is ſuppoſed to be to BA. Therefore 2 | 
the Angle at A, is a Right Angle, per — eps” 
by + Set. 1. | 

ote, The longeſt Side of every Richt-angled Triangle (as BC) 
is called the Hypothenuſe, and the longeſt of the other Two Sides which 
include the Right Angle (as B A) is called the Baſe : The Third 
Side (as CA) is called the Cathetus or Perpendicular, 


. An Osrusk-AnclED . is that which hath one of 


its Angles Obtuſe, and it is called an Amblygontum T1 riangle. Such 
is the Third riangle HA 1 


a AcuTE-ANGLED TRIANGLE, is that which hath all 


its Angles Acute, and it is called an Oxygonium Triangle; ſuch are 
the Firft and Second Triangles ABC, and BDG. 


Note, All Triangles hes have not a Right Angle, whether they 
axe Aeuie, or Obruſe, are, in general Terms, called Oblique. Tres 
. 4 65 
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4 Sides, but no Right-angle, That is, 
= a Rhombus is a Square mov'd out of its 
52 right Poſition, as the annexed Figure. 


3. ARecangle, or a Right-angled Paralldegrim boten called 
an Oblong, or long Square) is a Fi= F ᷑ n r CE 
gure that hath four Right-angles = m—_— | 


| Line let fall perpendicular trom any of its 


= Two dotted Lines, in the annexed Trian- 5 : 


all Perpendicular one to another. Ts 1 


and the Angles A, B, C, D are all equal, 1 


is, it is a Parallelogram moved out 


ä — 
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zles, without any other Diſlinfion, as before. And the longe/t & ide e of 


every Ollique Triangle is uſually called the Baſe; the otber tꝛbe ure 


= only called Sides or Legs. 


8. The Altitude or Height of any 2 
Plane Triangle, is the Length of a Right N 


Angles, upon the Side oppoſite to that 
Angle from whence it falls; and may be 
either within, or without the Triangle, 
as Occaſion +: pon being denoted by the 


| Seft. 4. Of Four: ſided Fig:res. a 


1. A Square i is a plane regular Figure, 7 = 8 
whoſe Area is limited by Four equal Sides ||  * 


That is, when A B=BC=CD= DA, 1 15 


then it's uſually called a Geometrical Square. 5. OC 


RE Rhombus, or 8 
Figure, is that which hath Four equal 


and its two oppoſite Sides equal, viz. 


| BC=HD, and BH=CD. HE —— 


4. A Khomboideg, is an Oblique-a angled Paral elgrom ; ; that 


of its right Poſiti tion, like the gunex- 
ed Figure, 


1 "The Altitude or Height of any Oblique-« an -led Por alli . 
iz. either of the Rhambus or Rhomboi- 
des, is a Right-ling let fall perpendicular 
from any Angle upon the Side oppoſite to 
that Angle; and may either be within 
| Gr without the Figure : As the dotted e rae r 
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called a Trapezium. 


unegual Sides ſtanding at unequal Angles (like 


to regular Figures by drawing Diagonal- 
Lines in them; as ſhall be ſhew'd farther 


Plane or ſuperficial Geometry. 


—— — 3 | — 1 
290 Elements ot Geometry. Part III. 


Every Four. ſided Figure, diffe- 


rent from thoſe before- mentioned, is 
That is, when it has neither op- 


Poſite Sides, nor oppoſite Angles equal ; 
as the Figure A BCD. 


7. A Right-line, drawn from any Angle in a Four-fided Figure 


to its oppoſite Angle, is called a Diagonal Line, and will d:vide 
the Area of the Figure into two Triangles, being denoted by the 
dotted Line AC in the laſt Figure. 
8. All Reght-lin'd Figures, that have more than four Sides, are 
call'd Polygons, whether they be regular or irregular. 

9. A Kegular Polygon is that which hath all its Szdecequal, 
ſtanding at equa! Angles, and is named according to the Number of 
its Sides (or Angles.) That is, if it have five equal Sides, it is call- 


ed a Pentagon; if /x egual Sides, it is call'd a Heragon; if 
ſeven, tis a Hepragon ; if eight, tis an Octagon, &c. 


Note, Al Regular Polygons may be inſcribed in a Circle; that 16, 
their Angular Points, how. many ſoever they have, will all juſt touch 
the Circles Periphery. e 5 


10. An Irregular Polygon is chat Figure which hath many 


unto the annexed Figure, or otherwiſe); 
and of ſuch Kind of Polygers there are infi- 
nite Varieties, but they may all be reduced 


* 


V 35 | TO 
Theſe are the moſt general and uſeful Definitions that concern 


As for thoſe which relate to Solids, I thought it convenient to 


omit giving any Account of them in this Place, becauſe they would 


rather puzzle and confuſe the Learner, than improve him, until he 
has gain'd a competent Knowledge in the moſt uſeful Theorems con- 


cerning Saperflcies ; for then thoſe Definitions may be more eaſily 
_ underſtood, and will help him to form a clearer Idea of their re- 
Spettive Solids, than *tis poſſible to conceive of them before; and 
therefore I have reſerv'd thoſe Definitions until we come to the 


Fiſth Part, 3 
Sect. 
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Sect. 3. Of fuch Terms as are generally uſed in Geometry. 


Whatſoever is propoſed in Geometry will either be a Pꝛoblem 
or a Theozem. 5 5 5 
Both which Euclid includes in the general Term of Propaſition. 
A Pꝛoblem is that which propoſes ſomething to be done, and re- 


= lates more immediately to practical than ſpeculative Geometry ; That 


is, it's generally of ſuch a Nature, as to be perform'd by ſome 
known or Commonly-receiv'd Rules, without any Regard had to 
their Inventions or Demonſtrations,  _ 

A Theozem is when any Commonly-rece:v'd Rule, or any New 
Propoſition is required to be demonſtrated, that ſo it may from thence- 
forward become a certain Rule, to be rely'd upon in Practice when 
Occaſion requires it. And therefore ſeveral Rules are often call'd 
Theorems, by which Operations in Arithmetick, and Concluſions in 
_ Geometry, are perform d. 35% 5 

Note, By Demonſtration is underſtood the highe/? Degree of 

Proof that human Reaſon is capable of attaining to, by a Train of 
Arguments deduced or drawn from ſuch plain Axioms, and other Self- 
evident Truths, as cannot be denied by any ane that conſiders them. 

ACozollarp, or Conſefttary, is ſome Conſeguent Truth drawn 
or gain'd from any Demonſtration,  _ a 

A Lemma is the Demonſtration of ſome Premiſes laid down or 
| Propoſed as preparative to obviate and ſhorten the Proof of the The- 
orem under Conſideration. | „„ 5 

A Stholium is a brief Commentary or Olbſer vation made upon 
ſome precedent Diſcourſe. 5 3 pes: 


N adviſe the young Geometer to be very perfect in the De- 
finitions, viz. Not to reſt ſatisfied with a bare Remembrance of them ; 


= but, that he endeavour to gain a clear Idea or Underſtanding of the | 


Things defined; and for that Reaſon I have been fuller in every Di. 
nition han is uſual. | og Roy gon 
Ana, that he may know from whence moſt of the following Problems 
and Theorems contain d in the two next Chapters are collected, I have 
all along cited the Propoſition, and Book of Euclid's Elements 
where they may be found, „„ | 
As for Inflance; at Problem 1. there is (3. e. 1.) which ſhetws 
that it ts the Third Propoſition in Euclid's f irſt Book. The lhe 
muſt be underſtood in the Theorems. | | 


Pp2 4 CHAP. 


— lot. 
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The Firſt Rudiments, or Leading and Preparatory 
Dꝛoblems, in Plane Geometry. 


ITN order to perform the following Problems, the young Geomete- 
= ought to be provided with a thin flreight Ruler, made either of 
| Braſs or Box-wood, and two Pair of very good Compaſſes, viz. one 
Pair called Three- pointed Compaſſes, being very uſeful for draw- 
ing of Figures or Schemes, either with Black Lead or Ink; and on? 
Pair of common Compaſſes with very fine Points, to meaſure and ſet off 
 Diftances ; alſo he ſhould have a very good Steel Drawing Pen: Aud 
' then he may proceed to the Vork with this Caution; that he ought to 
make kimſelf Maſter e one Problem before he undertakes the next : 
That 1s, he ought to under/land the Deſign, and, as far as he can, the 

' Reaſon of every Problem, as well as how to do it; and then a litth 
Practice will render them very eaſy, they being all grounded upon theſe 

foilawing Poſtulates. CC „ 


* Poſtuſates or Petitions, 

1. That a Right-line may be drawn from any one given Point 
to another, _— . | Ss 
2. That a Right. line may be produced, encreaſed, or made longer 
from either of , ooo enim. _. 
2. That upon any given Point (or Center) and with any given 
Dijlance (viz. with any Radius) a Circle may be deſcribed. 


K . 
2 FF r 0 N n - , 
RR, S 1 N FF c 9 * F 1 
199 $ 3 WE WL) - e gs 5 bY We iT SSL JPY OCLC ey BI FI LS. os 442 Xs A 6 
33 . 5 * 88 N I ot, ne SILK 77ͤ ĩͤ b Bp 44 5 


PC FE 
Two Right-lines being given, to find their Sum and 
Difference. (3. e. 1.). » 


bal Let the given Lines be if Ty Py . 
Make the /horteft Line, as CB, © . 8 0 
Radius, and with it deſcribe a Cir= += ©} 4 5 
cle: From its Center C ſet off the : 72 5 
Other Lim 4 C, and ein CB 3 5 E 
with a Right-line. Then will 4 k 8 * 


B = AC +CB; and AD = A 
C-; as wes required, P R O- 


„ n.7... ͥ¹·¹i¹w g 
o ER JJ SO ES, SO AIMEE”, 
r d . TRE): 

: * n 2 1 n 5 7 


conſequently the Angle; 3 AS was re- 


ſcribe an Arch, as FD, (making C 


* 


we. 
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PROBLEM I. 


To biſeft, or divide a Right-line given (as A 3 ) into two 
equal Parts. (10. e. 1.) 


From each End of the given Line (viz. 4 and B) with any 


Radius greater than half its Length, =, D. 

deſcribe tube Arches that may croſs . 

each other in #9 Points, as at D and 8 2 

F: then join thoſe Points D, Fwith 1 

a Right- line, and it will liſa the A—— + - B 
Line AB in C; viz. it will make W's 2 

AC =CB;'as was required, LE 

F 


PROBLEM III. 


To _ or divide into two equal Angles a Right-lined Angle bin, 


(9 e, 1.) 


Upon the Angular Point, as at C, with any convenient Radius, 
deſcribe an Arch A B; and from 


thoſe Points A and B, deſcrile with 
the ſame Radius two Arches croſſmg C 
each other, as at D; then join the © 
Points C and D with a Right-line, 
and it will b:- the Arch AB, and 


Rs: * D | 


quir'd. 
PROBLEM IV. 


: At a Point 4, in a Right-line given A B, to make a Right-lin'd 


Angle equal to a Right-lin'd Angle given C. (8 3. e. I.) 
Upon the given Angular Point C de- 


any Radius at Pleaſure ) and with the 
ſame Radius deſcribe the like Arch up- 
on the given Point 4, as fd; that is, 
make the Arch d equal to the Arch 
FD; Then join the Pointe A and FX 


with a Rigbt. Line, and it will form the 
Angie ROME d. 
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PROBLEM V. 
To draw a Right l. ne, as FD, parallel to a given Right. line AB, 


that ſhall paſs thro any aſſign d hooks as at x, Viz. at any Di. 
Stance reguir „ e. 


Take any convenient Point in che given Line, as wha C, (the 
farther off x the better ;) make LP IONS | 
C x Radius, and with it upon ET 'Y 
the Point C, deſcribe a Semi- 
circle, as HMx N; then make 
the Arch HM eq ual to the 
Arch x N; thro' he Points M yy x raw the Richt-line F D, 
and it will be parallel to the Line A C, as was requir'd, 


PROBLEM v. 


To let fall a Perpendicular, as C x, upon a given Ricks -line AB, 
from any afſign'd Point out of that Line, as from C. (12. e. 1.) 


Upon the given Point C deſcribe ſuch a an Arch of a Circle a 4 


will croſs the given Line AB in 109 
Points, as d and 7; Then biſect df 
the Di//tance between thoſe two Points - 
(per Probl. 2.) as at x. Draw the 
Right-line C x, and it will be the 
Perpendicular requir'd, | 


7 
e vaues gun” 


PROBLEM VII. 


| 25 erect or raiſe a Perpendicular upon the End of any given 5 


KNight- 2 as at B; or * any * Point aſſign 4 in tt, 
(IT- 4-1 Z 


Upon any Point C taken out of the given Line, as a 8 er, 


deſcribe ſuch a Circle as will paſs 
through the Point from whence 
the Perpendicular muſt be raiſed as 
at B, (viz. make CB Radius) 
And from the Point where the Circle 
cuts the given Line, as at A, draw 
the Circle's Diameter A D; then 8 l 
from the Point D draw the Right- „ee 
ine DB, and it will be che Perpendicular requir A, 


-O 94 } 
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wy er. 


*. 


Prob. 4.) continuing their Sides 
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PROBLEM VIII. 


2 To divide any given Right-line, as A B, into any e, Number 


of equal Parts. (10. e. 6.) 


At the extream Points (or Ends) A and 8 of the given Line, 
make two equal Angles (by 


AD and BC to any ſufficient 
Length ; then upon thoſe Sides, 
beginning at the Points 4 and 
B, ſet off the propoſed Num- 
ber of equal Parts (ſuppoſe *em 
5.) If Reght-lines be drawn 
{croſs the given Line) from one 
Point to the other, as in the 


annexed Figure, thoſe Lines will divide the given Line AB i in- 


to the Number 11 equal Parts required. 


PROBLEM IX. 


To deſcribe a Circle that Hall paſs ( or cut ) thro any | Three 
Points gf ven, not lying in a Right: -line, as at the Points 


ED. 
Fein the Points 4B and BD with Right-line ; then bileX i 


both thoſe Lines (per Problem 2.) the ee 
Point where the biſecting Lines meet, * * 
as at C, will be the Center of the Circle 
required. 

The Work of this Problem being well 
underſtood, *twill be ea/y to perform the 
two following, without any Sc cheme, Viz, 


. 
- 
* f i 
”Y * 
"* . * 
| 


8; Fa find FE Center of any Circle n. (1. . 3.) 
By the laſt Problem 'tis plain, that if three Points be any where 


tabs in the given Circle's Periphery, as at A, B, D, the Center 


of that Circle may be found as before. 


2-4 Segment of any Circle being given, to compleat or 415 ribe 
the whole Circle, 


\ This may be done by taking any three Points i in the given S- 


Þ 8. 


unt 8 Arch, ne then proceed as before. 
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PROBLEM X. 


2 a Right. line given, as A B, to deſcribe an E quilateral 
Triangle, (1. 4 1. 


Make the given Line e and * 
with it, upon each of its extream Points N 
or Ends, as at A and B, deſcribe the 
Arches AC and BC; join their In- 
terſection C with the Points A and B, 
then will 4 0 B be the Triangle re- 
quired. | 


PROBLEM XI, 


25 form a Triangle of three given Ri oht- lines, ( provided any two 
of them, taken together, be longer than the Third.) (22. e. I. * 


Let the given Lines be © — 5 — 3 


Make either of the ſhorter 
Lines (as AC) Radius, and up- 
on either End of the /onge/? Op 
Line (as at A) deſcribe an A 


Arch; then make the other Line CB Radius, and upon the 

other End of the longe/? Side (as at B) deſcribe another Arch, to 

croſs the Firſt Arch (as at C). Join the Points CA and CB with 
Righi- lines, and they will form the Triangle required. 


PROBLEM XII. 


Upon a given Right-line, as A B, to deſcribe a Square. (46. e. 1.) 


Upon one End of the given 1 as at B, erect the Perpen- 
dicular B D, equal in Length with the c: 
given a, Viz, make BD = AB; —.— 
that being done, make the given Line . 9 | 
Radius, with which upon the Points A | 
and D deſcribe Arches to croſs each ** e 
other, as at C; then join the Points C, A . 7 
and alſo C, D with Right-lines, and they = 
will form the Square requi red. 


3 
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= the Point C draw a Line paral- 
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PROBLEM XIII. 


Two unequal Right- lines being given, to form or nale of them a 
Jught-angied Parallelogram. 


Let the given Lines be 11 wy * = 
Upon the End of the /onge/t 5 Ae Ley 
Line, as at B, erect a Perpendi- r | L 
cular of the ſame Length with |, =: 

the /horteft Line BC; then from Fenn 


Jel, and of the ſame Length, to AB; viz. make D 0 AB. 
Join DA with a Right-line, and it will form the Chong or Pa- 
FI required, 


As for Reba es and Rhomboides s, to wit, Ollique-englnd Paral- 
lelograms, they are made, or deſcribed, after the ſame Manner 


with the two laſt Figures; only inſtead of erecting the Perpendi- 
culars, you muſt ſet off their given Angles, and then proceed to 


draw their Sides parallel, &c, as before. 


PRO BL E M XIV. 
In any given Cirde, to inſcribe or make a Triangle, wins decks ſha 1 


be equal to the Angles of a given Trang) 3 as s the n FDG. 


(2. e. 4.) 


Note, Any Right-lined Figure i FT faid to be inſcribdi in a 8 


when all the Angular Points of that Fi ure do 7. touch the Circles 
Periphery. 


Draw any Right-line (an H 7 ſo as juſt to touch the Circle, 


2s at 4; then make the Angle 

| KAC equal to any one Angle 
of the given Triangle, as DFG; 
and the Angle HA equal to 
another Angle of the Triangle, 

| as DGF; then will the Angle 

| BAC be equal to the Angle 
FDG. Join the Points Band 
| Cwith a Right-line, and *twill | 
compleat the Triangle requirlg 
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PROBLEM XV. 
1 any given Triangle, as ABD, to deſcribe a Circle that Hal 
rouch all its Sides, (4 e. 4. F 


Bites any two Angles of the Tri- 
angle, as A and B, and where the 
biſecting Lines meet (as at C) will 
be the Center of the Circle requi- 
red; and its Radius will be the 
Perpendicular let fall from C, upon 
either Side of the Triangle. 


P R O B L E M XVI. 
7 0 deſcribe 4 Circle about any given Triangle. ( 5. e. 4. ) 


8 
3 


This Problem is perform'd i in all reſpects like the Ninth, vi. 
by biſecting any Two Sides of the given Triangle the Point, 


where thoſe bilecting Lines meet, will be the Center o the Circle 3 
required, 29-7 | 


EL. R 0 B 1. E Ma XVII. 
To deſcribe a $ quare about any given Circle. (7. e. 4. + 


Draw two Diameters in the given 
Circle (as DA and EB) crofling at 
Right-angles in the Center C; and, 
with the Circle's Radius CA, Ade 
from the extream Paints of thoſe Dia- * 
meters, viz. A, B, D, E, croſs Arches, 3s 8 
oat FE, G, H, K; then „ 
Poinis where the Arches croſs with . 
| Right Lines, and they will form the HI., 4 K 
nas required. . 


PROBLEM XVIII. 


* any given Circle, to deſcribe a Severe. (6. e. 4. 


Having drawn the Diameters, as D A and E B, biſecting each 
bother at Rigbt- angles in the Center C, (as in * laſt Scheme); | 
then join the Pots A, B, D, and FE. with Ni 75 lines, via. 
AB, BD, DE, E 4, and they will be Sides of Square, as 
7 ab 


PR O- 


3 


on the Points P, e, mark where 


Again, lay the Ruler upon the Points 
H, e, and mark where it croſſes the 
other Circle, as at C: Then from 
the Points F and C (with the ſame Radius as before ) deſcribe 


Sides; then make the whole Diameter 


ſite Semicircle's Periphery, as at B. Join 
DB with a Right-line, and it will be 
the Side of the Pentagon required, 
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PROBLEM XIX. 


Lyon any given  Right-line, a 4 B, to deſcribe a regular Pentagon, | 
57-0 Five-ſided Polygon. 


Make the given Line Radius, and upon each End of it 40. 
ſeribe a Circle; and through thoſe n 

Points where the Circles croſs each 
other (as at G x) draw the Right- 
line Ge x: Upon the Point & with 
the ſame Radius deſcribe the Arch 
H A e BD, and laying a Ruler up- 


it croſſes the other Circle, as at F. 


croſs Arches, as at X. Join the Points AF, FK, X C, and C B, 
with Right-lines, and they will form the Pentogos 225 1 
AA Er CB= 4B; and the Angles at A, B 
K, F will be equal. 


PROBLEM XX. TC 


4 


In any given Circle, to deſeribe a regular Pentagon. | 
(11. e. 4. & IO. e. 3.) 


or, in general Terms, to deſcribe any regular Polygon na 


Circle. 


Draw the Circle 8 bus D 4, and divide it into as many 
equal Parts as the propoſed Polygon hath . © IS. 


a Radius, and deſcribe the two Arches _ 2 5 
CA and CD. If a Right-line be drawn 55 3 
from the Point C, through the Second 5 80 
of thoſe equal Parts in the Diameter, as 


at 2, it will aſſign a Point in the oppo- 1 


iy 


Qqa Theſo 
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Theſe Toca Problems are ſufficient to exerciſe the young 
Practitioner, and bring his Hand to the right Management of a 


Ruler and Compaſſes, wherein I would adviſe him to be very ready 


and exact. 
As to the Reaſon why ſuch Lines muſt be ſo drawn as directed 


at each Problem, that, I preſume, will fully and clearly appear 

_ from the following Theorems ; and therefore J 

Sale) omitted giving any Demonſtrations of them in this Chapter, 

deſiring the Learner to be ſatisfied with the bare Knowledge of Fi 

ing them only, until he hath fully conſidered the Contents of the 
next Chapter; and then I doubt not but uw will appear very plain 


have (for Brevity's 


and eaſy, 


— . 4B. 4. "ana re ä WY WO IEG ny (LS th. 


CHAP. III. 


Demonſtrated, 


Note, Is order to lire ſeveral of the following Dennratn 


it will be neceſſary to $rawies that 


1T HE Periphery (or Circumference) of every Circle 3 . 


ther great or ſmall) is ſuppos'd ta be divided into 360 equal 


Parts, called Degrees; and every one of thoſe Degrees are 5 divides 


into * equal Parts, call'd Minutes, XC, 


2. All Angles are meaſured by the Anh of » Circle deſcrib'd 
upon the Angular Point (See Defin. q. Page 287.) and are eſteem'd 


greater or leſs, according to the N ander of * contain 'd in 
chat Arch. 


* A Duadrant, Of Drarter-part of any y Circle, is always 90 | 


Degrees, being the Meaſure of a Right-angle ( Defin. 6. P. 287.) 
and a Semicircle is 190 Degrees, being the Meaſure of two 


Right. angles. 


4. Equal Arches of a Circle, or of 3 Circles meaſure equal 
Anples, 


To thoſe foe general Avid: bar laid n in Page 140, 


Cubich I here ſuppoſe the Reader to be very well acquainted with) it 
will be convenient to underſtand theſe folowing, which begin 
their Number where the other ended, 


Axioms, 


Sd MI 


ye Colleion of m oft uſeful Theozems in Plane Cromer . 


1 


9 
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Axioms. . 
6. Every whole Thing is Greater than its Part. 
That is, the whole Line 4 B ol N 
reate than its Part He, R.. 1ĩ7ê. . — 
The ſame is to be underſtood of Superficies's and Solids. 


7. Every Whole is Equal to all its Parts taken together. 
That is, the whole Line A B is equal 55 


. 5 
to its Parts AC + cd +de+eB. C4 | —_ | —B 


8, Thoſe Things which, being laid one upon another, do agree 
or meet in all their Parts, are equal one to the other, 


But the Converſe of this Axiom, to wit, that equal Things be- 


ing laid one upon the other will meet, is only true in Lines and 
Angles, but not in Superfictes's, unleſs they be alike, viz. of the 


ſame Figure or Form : As for Inſtance, a Circle may be equal in 


Area to a Square; but if they are laid one upon the other, *tis plain 


they cannot meet in all their Parts, becauſe they are unlike Figures. 


Alſo, a Parallelogram and a Triangle may be equal in their Area's 
one to another, and both of them may be equal to a Square ; but 
if they are laid one upon the other, they will not meet in all their 


Parts, &c. 


Note, Beſides the Ch aracters already explain'd in Part I, and in 


other Places of this Trad, theſe following are added. 


Viz. L. denotes an Angle in general, and CL fignifies An- 
gles; A ſignifies a Triangle; O ſignifies a Square, and de- 
notes a Parallelogram. And when an Angle is denoted by any 
three Letters (as, ABC) the middle Letter (as B) always denotes 


the Angular Point; and the other wo Letters (as AB, and BC) 
denote the Lines or Sides of the Triangle which includes that 
Angle, | | | 


Theſe Things being premiſed, the young Geometer may proceed 
to the Demon/trations of the following Theorems ; wherein he may 


perceive an abſolute Neceſſity of being well verſed in ſeveral 
Things that have been already deliver'd: And alſo it will be very 


= advantageous to ſtore up ſeveral uſeful Corollaries and Lemma's, as 
they become diſcover d Truths: For it often happens, that a Pro- 
poſition cannot be clearly demonſtrated d priori, or of itſelf, wich- 
out a great deal of Trouble; therefore it will be uſeful to have 


Recourſe to thoſe Truths that may be aſſiſting in the Demonſtration 
then in Hand. 
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THEOREM I. 


If a Rig bi- line land upon (or meet with ) another Mile les and 
matte Angles with it, they will either be two Right-angler, or tu 1 
Angles equal to two Rigbt- angles. (13. e. 1. ) . 


Demontſtration. 


Suppoſe the Lines to be AB and D C, meeting in the Pain 
at C. Upon C deſcribe any Circle at 
pleaſure; then will the Arch 4D 
be the Meaſure of the £ I, and te 
Arch DB the Meaſure of Le; * 
but the Arches FD -þ+ DB — 1809, fl 


vz. they compleat the Semicircle. 


a0 33? "240%, 
0 Ta 


Conſequently the 4 - b * £ fs 1809. Which was to be prov'd. 


Corollaries, 


1. Hence it follows, that if the L 5 = go?, then Z 905 
but if L b be obtuſe, then the Ce will be acute, &c. 

From hence it will-be eaſy to conceive, that if ſeveral Right- 
lines ſtand upon, or meet with any Right-line at one and the 
fame Point, and on the ſame Side, then all the Angles taken or 

. 12 will be = 180% viz. Two Right- angles. 


THEOREM II. 


| 7 1100 Aube inter ſect (i e. cut or 50 each ak, the two op- 
Poet te Angles will be equal, (15, e. I. * 


Demonſtration. 


Let the ws Lines be AB and 
DE, interſecting each other in the 
Center C. 

Then e 1809}. 7 
And L. 5 555 = 1802 Poor lth, 

| Conſequently C b + Le= Lb 
L. a, per Axiom 5. 

Subtract Z. b on both Sides of 
tne Equation, and it will leave | 
£64 8 CS: i: | 

Again, { b + L e= 1809, as BER; and 4 e+ 4 C= 
1809, conſequently Lei CS LTL. Subtract L e, and 
then AC=4 5. Q E. D. 

1 | Corol- 


= circle; and with the ſame Radius, New" Oi 


A. 


Gap 7 OT Themes, ee 


: Coral ary. 


From hence it is dent; that if two Lin interſect each other, 


they will make four Angles; which, being taken together, will 


always be hs an to Four Right-angles. 


THEOREM III. 


if a Right-line cut (or croſs) two parallel Lines, it will make the 


© oppoſite Angies equal one to another. (29. e. 1.) 


Suppoſe the two Lines 4B and HK to be parallel, and the 
Right-line G D to cut them both 
at C and #: Upon the Point C 
(with any Radius ) deſcribe a Semi- 


upon the Point at u, deſcribe ano- _ 
ther Semicircle oppoſite to the firſt, 7 
as in the Figure. Then tis plain, 1 
and [ ſuppoſe very eaſy to conceive, 
that if the Center C were mov'd 
along upon the Line D G, until it 


came to the Center at a, the two Lines {4B 3 HX would EY 
meet and concur, viz. become one Line (for parallel Lines are as 
it were but one broad Line.) Conſequently the two Semicircles 
would alſo meet, and become one entire e like to that in the 


laſt Demonſtration. 


And therefore the L y = Lax — La = V. Lf 1 before, Four 
WL Den en. * 


And In = Ln Lb 
Corallary, 


Hence it follows, chat if three, four, © or ever ſo many 3 
lel-lines, are cut or croſs'd by one -Kight- has, all their oppoſite - 


Angles will de equal. 


THEOREM IV. 


The thres dugle of every plane tig are equal to two Right- angles, 
n 

8 any two Angles of any plane Triangle muſt evidently be 

leſs than two | Right-angles. (I 1.) 

N Demon⸗ 


r 
— r—_—— —_——_— — 
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and B C to its Periphery. Then will 


1 1 "A 8 4. 1 — 
————EwAß. . . 
. 


E ˙¹³ . CO 
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| 


demonfrarion. 


Let the A 4 BC be propos'd; draw the Right lis HK pa- 
rallel to the Side AB, juſt touching 4 

the Vertical Angle C; and upon the N 
ſame Angular Point C deſeribe any Se- . 90225; 
micircle, and produce the Sides 4 C, 


2 2 L B, L a = £ 4, and 
L x L. C, per laſt Theorem. ut 4 
Z. b + L a + £4 x = 180%, or 


two Right-angles : CNY "i B + L A 3 2. C = — 180! 
Per Ariom 5. Q. E. D 


Corollary. f 
Hence it follows, that the Sum of the two acute Angles of a 


Right: angled Triangle is equal to a Right-angle, or 90“. 


Conſequently, if one of the acute Angles be given, the other 


is allo given, viz. 90 — the given L leaves the other 5 


THEOKEM-:V. 


If one 8 ide of any plane Triangle be continued or pee beyond, or 
out of the Triangle, the outward Angle will always be Fai to the 
two inward oppoſite Angles, (32. e. 1.) 


WDemonſtration. 


Let the Side 4 B of the A AB C be produced out of the A, 
ſuppoſe to D, &c. as in the Fi- 


gure. Then L 2 = L A+ 


2. C, for the L B＋ L 2 | „ 
180 per Theorem 1. and te - 
£LB+4 A+ 4C= 1802, <A | | L —D 


per laſt Theorem, Therefore 


6B +&% = LB+LAHLC, — Ms Subtraf 
£ B on both Sides the Zquation, and it will leave 2 


+ 4. C (per Axiom 2.) Q. E. D. 


Conſequently. the outward Angle (at 2) of any 115 Triangle, 
muſt needs be greater than either of the inward oppo ite — viz. 


e or L C. (16. e. 1.) 


8 5 Corollary. 
- Hence 1 it follows, that if one Angle of any plane Triangle be 


given, the Sum of the other two Angles is Ale hk for 1 * 


the given 3 ING other two > Ag ER 
| T H E O- 


* Pry 
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THEOREM VI. 


2 every plane Triangle, equal Sides ſubtend (vie. are ef te lo) 
equal Angles, (5. e. 1.) 
Conſequently, equal Angles are ſubtended by Ma Sides. 6. . 1.) 


Demonſtration, 


Suppoſe the ABCDtobean Ioſeeles A; 
that is, let BC=CD. Biſect the C C, or 
(which is all one) make CA perpendicular to 
3D; then will the Z £ on each Side of it af. 
(viz. 4 — and Z nn be Right- ., 


3 5 angles. e 1 rere = WEE, 5 
* 1/4 C+LB=&g0o 
= Therefore bn + 9 Fo per Cor i to 8 4. 


* £LC+4D= go? 
Conſequently, +44 C+ LBA £ 5 + 2. D, per Axiom 5. 


Subtract 2 C from both Sides of the Equation, andi it will leave 


2 5 = 2 * E. D. 


"Gor Navy. 


From hence it follows, that the three Angles of ; an Bquilateral 


Triangle are _ one to another, 


THEOREM vn. 


In every Plane Triangle, the longeſt Side fubtend; the greatef Au. ö 


(18. e. 1.) 


4 Conſequently, the greateſt Angle of any plene Triangle is une 15 


by the longeft Side. 


This Theorem is 1 by Inſpection: For, let CB, one of 0 


the Sides of any plane Triangle CBD, be 
produced, ſuppoſe to E; join DE with 

a Right. line; then tis evident, that be- 
cauſe C E is now made longer than the 7% 
Side B C, therefore the I. at D ; is become . 


larger than it was before by the 4 B DE. 
And it is plain, the longer the Side C E £ 
had been made, the L at D would have EF 
been ws more enlarged. 4 of: 


R r . T H E O- 


\ 
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THEOREM VIII. 


Fd the Sides of two Triangles are equal, the Angles op poſit ite t nb 
equal Sides will be 338 (8. e. 1.) 


The Truth öf this Theorem is evident by the two :>claded 775. 
angles in the 6th Theorem, for they have their reſpective Sides equal, 
vis. BC CD, BA = D A, and C A common to both Tri- 
angles. And it is there prov'd, that the C Z oppoſite to thoſe FI 
Sides are equal, &c, which-needs no further Proof. 


Note, The W of this Theorem holds not true; for the An- 
ele of two Triangles may be equal, and their oppoſe or papers > 
Sides unequal ; 45 will appear at Theorem XII. 


 Cerollary 
LR it Gown that Triangles mutually ajndleteral, are alſo mu- 
tually equiangular 3 and likewiſe equal to one another, 4 


THEOREM IX. 


An Angle at the Center of a Circle is always double to the 1 „ 
at the Periphery, when both the Angles ſtand upon the ſame 


Arch. (20. e. 3.) This Theorem hath three Varieties: of 
Caſes. 


form the 4. D at the Periphery; draw _ 2 
the Radius B C, then 1. BCA is the 


Demonſtration. 
Caſe 1. Let the Diameter D . WR 
the Line D B, be the two Lines which he 


Lat the Center. But C BCA = L. D 1 * i: 
D + 4 B, per Theor. 5. and becauſe - | % 3 5 
AGS , ,, NEON ſe 
per Theorem 6. conſequently 4 Z 04 e 
= 2 f „ 

Caſe 2. Suppoſe the L 0 7 F 


the Center to be within the 4 BDF 
at the Peripbety, (as in the annexed 
Figure, ). draw the Diameter D A; — 
then the Z BEA=2 4. BDAN 3 
and the 4 FCA=2 22 4 rech. 8 
add theſe two Æquations together. 7 


8 »* 
| a ü nnen! 
* * * 1 1 > ? 


pe To Then 
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Then wil L BCA+ 4 FCA = 2 4 BDA +24 
F d, per Ax. 1. But Z BCA+ , FCA L BCF, 
and 2 CBDAT 2 LF DAS 2 LB D F. Conſequently 
= 4<BCF=a248DF. 1 5 


Caſe 3. Again, ſuppoſe the C B CF 58 e 1 
at the Center to be out of the . BDF EI Ts os We 0 
J... Go | 
Point D at the Periphery draw the . 
Diameter D A. 5 Þ | 
Then. FCA —2 4 FDA 5 
and L BCA =24 BD4 jPerCaſe 1 


„ ri Beebe be jo 
— - Pr. ip — 


Subtract this laſt Agquation from the 3 , 
other, and it will leave C FCA — £ BCA=24 FD 
—2 L B D A, per Axiom2. But L FCA - L BCA 
{ FCB, and 2 4 FDA—24BDA =2 4 FDB. 
Conſequently C FCB=24FDE. Q. E. DP) . 


N 8 Corollary. . „ 
Hence *tis evident, that all Angles at the Periphery, which 
= fiand in the ſame Segment and upon the ſame Arch of a Circle, 

= A or upon equal Arches, are equal one to another, (21. e. 3. 


THEOREM X. 


An Angle in a Semicirdle is a Right-angle. (31. e. 3.) That is, 

, the Diameter of any Circle be the Side of a Triangle, and the 
Angle oppoſite to that Side be any where in the Circle's Periphery, 
it will be a Right-angle. e 


Demonſtration, 


Let D A be the Diameter, and DB A 
the Triangle, then C B = gov, Draw 
the Radius BC, then is the DBA” 
=4D+44 For L CBD = 
JD, and / CBA= 7. A, per Theo- 
rem 6. Therefore C DBA L CB 
D+4CBA, per Axiom 5. Aga en | 
per Theorem 4, Conſequently, 4. DBA=9go%ora Right- 

0h INS | Rr2 Ee rol. 
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Corollaries. 
1. Hence it will be eaſy to conceive, that an Angle made in 


any Segment leſs than a Semicircle will be obtuſe, or gteater than 
a Right-angle. 


2. And an Angle, ad} in any Segment greater than a Semi- 
circle, muſt conſequently be acute. 


THEOREM XI. 


In any Rioht-angled Triangle, -the Square which is made of the 
 Hypothenuſe,, or Side ſubtending the Right-angle, is equal io 
both the Squares which are made of the Sides including the 
Right-angle, (47. e. 1.) 


| There are ſeveral Ways of demonſtrating this 40150 and afeful 
Theorem, but, I preſume, none more eaſy t to be underſtood by a 

Learner than that which I ſhall here propoſe: And, in order 

thereto, 'twill be necell; way to premiſe the following Lemma's. 


Lemma. 


A Right-line is ſaid to be multiply d with a Right-line, when 
either a Square, or other Right- angled F'aralkiggram, is made 
of the two Lines. 

That is, the Area of any Right-angled Parallelegran is equal 
to the Product of thoſe Numbers which 1 the Meaſure 
of its Sides. 


Thus, if AB — 6 Inches, and 
z liches: Then Z B x + 
- 4 C = 6 x 3 — 18 ſquare Inches; 
which is the Area of the Parallelo- 
gram A B TD, -: 


40 
Lemma 2. 


If a Right-line be any way cut into two Parts, the "ANG of 
the whole 1 will be equal to the Suares of each Part, and a dou- 
ble Refangle or Parallelsgram made of both the Parts, (4 e. 2.) 
that is, if the Line & be cut into the 8 
two Parts Band C; then is S g BTC: 1 
But if both the Sides of che Agquation be 88 15 


inwol ud, it will be 8 S BB+2BC+ CC. 


Temma 


* 
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Lemma 3. 
The Area of every Right-angled Triangle is half the Parell- 
gram made of its Bale and Perpendicular. 
For BX C = the Area of the whole Pa- 
= rallelogram, by the firſt Lemma. And A 
= ECH+ ACH the Parallelogram; but 
56 = b, and CS c. Therefore, 2 ExXC= | 
the Area of each A, viz. : BxC+1bxc= B x C. 
Theſe Things being premiſed, let us ſuppoſe the Triangle BC 


I to be a Right-angled Triangle, viz. the Side C perpendicular to 
the Side B; then wil BB + CCS HA. 


Demonſtration. -. 


Make a Square whoſe Side is 
= B + C, and draw the inclu- 
ded Square whoſe Side is = H, 
as in the Scheme: Then will <= 
= the rea of the great Square be e- 
= qual to the Area of the four Trian- : 
ges + HH, but the Area of 
each A = 2 BG, xt: 
per Lemma 3. Therefore the 
4A = N13. 
conſequently, the Area of the 
great Square is HH +2 BC. 
involve B + C, and it will be 
BB ＋ 2BC+CC= the A.- 
rea of the great Square; per 
Lemma 3. Conſequent!y, af + 2 2BC= B B + 2864 CC, 
per Axiom 5. Subtract 2 B C from both Sides of the Equatim, 
and there will remgin H H = B + CE. 


To illuitrate this Theorem by Numbers, let us 
Suppoſe 9«„ ͤ -»: 
Then will CC =. BB = 16. and AH = 25»: 
9 B B +CC=HH=1i6+9= 25. 


FR | | ; - 
& 


a 6220 18 9. „ 110 


Cinſeftary. 


88 this admirable Theorem (ſaid to be fir invented by Pytha- | 


Fanal is deduced the Method of adding aud ſubtracting Squares, 
| a rler, Circles, Oe. 5 
7A EO. 
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the Hypothenuſe B C; then L BA 
CFC 


or alike to the whole Triangle. 


line a b parallel to the Side AB; 
then will the included Aa D be 


. » x 


' THEOREM XI. 


In any Right- angled Triangle, a Perpendicular being let fall from 
the Right-angle upon the Hypathenuſe will divide the Triangle 


into two Right-angled Triangles, which will be both ſimilar (or 
alike) to the firſt Triangle, and to each other. (8, e. 6.) 


Note, | All plane Triangles are ſaid to be ſimilar (viz. alike) when 
each fingle Angle in one of the Triangles is equal to each 
ſingle Angle of the other ; but if any two ſingle Angles of 


one Triangle are equal to two ſingle Angles of the other, 


the third Angle will be equal. Per Theo. 4. 


1. In the Right-angled ABAC, 
let A P be ſuppoſed perpendicular to 


= 90%, and Z B + £ C = oo, 
per Corollary to Theorem 4. Therefore 
the C BAP C, per Axiom 5. ls 
Again, . PAC + L = go, and C B + £ C = 908. 
Therefore . PAC = 4 B, &c. Conſequently the A BA 


Is alike to the A ACP; and each is alike to the whole A BAC, 


2. If a Right-line be drawn parallel to one of the Sides of 
any plane Triangle, (viz. within it) 1 | 
it will cut off a Triangle ſimilar 


Thurs: | 
In the AAB D draw the Right- 


5 
like the A ADB: For L 4 τ L. A, and L ö = L. B, per 


Theorem 3; and CD is common to both the Triangles; Ergo, &c. 


THEOREM XIII. 
If two Triangles are alike, their Sides will be proportional. | 


That is, thoſe Sides which ſubtend the equal Angles, as alſo 
thole Sides which are about the equal Angles, will be proportional 


to each other; and conſequently, if any two Angles have their 
Sides proportional, their Angles are equal, (45 57 6, J e. 


- 


* EE 5 DPemon⸗ 


— 
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- Demonitriirion, 


Let me 2 KOT Triangles | in the Scheme of the af Theorem be 
here propos d again. | 

Then it will be BP:AP::AP: CP, according to this 
Theorem. IEEE NOT AAT. 


5 


Let us ſuppoſe the aforeſaid. Right-angled A. BA 2 cut buch 
the Perpendicular A P, and 
= there open'd until the Sides W 
= and CA become one Rig bi- line. : 
= Let the Sides BP and CP be III 4 . . 
continued until they meet in £53 
then compleat the Parallelograms 
by drawing the parallel Lines 
'GLE, H P, GHB, and Lat; 1 Z 2 2 N 
as in the Figure. 

Then it is evident, that the A BHA= AB PA, and the 

ACPA=S A CL A; alſo that the ABEC= A B GC, 
becauſe all their reſpectives Sides are equal. 
But the ABHA+ ACLA+DHCLA= A B PA, 
4+ ACPA+QOAPEP. Now, if from both Sides of this 
Equation there be ſubtracted the equal Triangles, there will remain 
D aricI.i-<nodPEP. Bt AGLA=5P x 9 F. 
and PEP = AFP ANR Conſequently 1 ack 
A #5 0 P. Which was to be provid. 


- 


Or 3 thus: 


Suppoſe the A B AC to be eee, 
Right- -angled at 4: Upon the i 
L Point C, with the Radius 5 „ 
CA deſctibe a Circle, and con- e ra 
tinue the Hypothenuſe B C to D Sita 
2; join Z 4 and AD with 6s: . 
Right. lines; then will the X B — . e 
BAD be like tothe A BZ = A 


A. For C DAB+ 4 D AC = 902, by Conſtruction. And 
4 LAC + 4 DAC = 902, by Theorem X. Therefore 
4 DAB TL LDACELYACHS L£DAC, by Axiom 5. 
Subtract J. D AC from both Sides of the uation, and there 
will remain 4 DAB=4 ZAC. But C Z AC = CZ . 


by 
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1 by 1 6. 8. And LB is common to both Triangles. There- 
| fore C. BDA = L BAE, by Theorem 6. conſequently ABA 


1 | BER I OR 


B 421 Then BB + cc = * pe; Fe We IT, 
Let the ca BC=b MP bb = 8 8 | 
CA c Which gives the following Analogy, 


Viz. 5: b + ei be: þ; that ie, BY: B Z : B DP. BA. 
1 D. 


4 
A 7 
5 
* 
4 
_ 
* 
3 
« i 
i * 
5 
4 
4 
4 
1 
#4 
| . 
i} ' 
? RS 
BE 
1 
P41 
$6 
4 ? 


| Corollaries. . 


r . — at 


N Mage it is evident, that in any Right-angled Mind x 
Fenz being let fall from the Right-angle upon the Hypo- 
_  thentye, will be a Mean proportional between the n of 5 
* Hypothenuſe : That is, BP: PA:: PA: PC. | 
FFT Mean 
proportional between the Hypothe- 
nuſe ( BC) and that Segment of the 
| Hypothenuſe next to the Baſe, (viz. * _ 
229 that! is, 8 BA: 34: BP. Ov a 16-6 Ag 
e 


—— ooneen ge 


n 


i LW 


n N 8 N EF _ 27 HITS == . — "EE, ry g l 
© - — e * EA a —— oo Pry eng 
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— 2 cr e » Faye 4 1 4 — 
5 


3. The Cathetus (A C ) is a Mean 
proportional between the Hypothenuſe (B C) and that Segment of the 
Hypothenuſe next to the Cathetus, (viz. PC 0: IR hn a C465 


AC: FC. 


5 — 22 \ : 5 8 ra 
* P . r 
* "+= . — * A 23 — 1 — TT 
_ 


mer: 65+ Le 


Schelium. 


I have been more large upon this moſt excellent Theorem, i in 
giving a double Demonſtratian of it, becauſe it is ſo uni verſally uſe- 
fat in all Parts of the Mathematicks : For the Buſineſs of Trigonome- 

try (both Plane and Spherical) wholly depends upon it; and there- 
fore one may truly fay, that Afronomy, Dialling, Navigation, 
Surveying, Opticks, &c. depend upon a due Application of it. 

And of its Uſe in Geometry, Des-Cartes takes particular Notice ; 
as you may find in Dr. Pell's Algebra, Page 655 whoſe Words 
are theſe: 

Des- Cartes, in a Letter not yet printed, writes thn: « In 
« ſearching the $lution of Geometrical Queſtions, 1 always make 

© uſe of Lines parallel and perpendicular, as much as is poſlible, 
be means as many Lines as are uſeful] and I conſider no o- 
„ ther Theorems but theſe two, [the Sides of like Triangles have 
*, like . And [i N. Triangles the Square of the 
3 65 * greateſt 


2 * — 8 — — — 
. 7 


© 
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60 « greateſt Side 7s equal to the Squares of the tws ether Sides.] And 


« ] am not afraid to ſuppoſe many unknown Quantities, that T 


« may reduce the propos'd Queſtion to ſuch Terms, as to depend 


« on no other T heorems but theſe Two.” 


This I thought convenient to inſert, that the young Learner 
| may ſee how the great Des-Cartes eſteem'd theſe two T heorems, 
diz. the laſt, and Theorem 11; for, in truth, all the precedent 


Theorems are only (as it were) Preparatives to theſe Two. 


'This laſt Theorem demonſtrates the Rinks of the Method 0 
in finding out pond Lines; z as in the © 1. ores EY Pro- 


blems. 


PR O . 
Two Right. Lines being given, to find a Third #repertional.. 


"Nu I. e. ©.) 
Let theſe two Lines be : fi= * ＋ 
Set the two given Lines at „ 


any Angle in the Point 4, and 
produce the Line 4B to C, 
making BC A; join the e ee . 

Points B, D with a Night. __ „ 
and draw CF parallel to B D; 
then will the A 4 B D be like the A 4 CF. Therefore 4 B: 

BC (AD): 4D: D F, which is the third Proportional | 


required, 
PR O B L E M II. 


* 7 Ri ght- "0 being given, to find a Mean proportional Line betwee® 


them. (13. e. 6.) 


: - Ta the given Lines be 1: 4 | 7 Fr 1 


Join the two given Law i into one, gfe” * 
viz, make BC BPI PC, ane = 
upon BC, as Diameter, deſcribe "RP 2. ” * 
Semicircle; ; then upon the Point P, 


where the two Lines meet, ere a Perpendicular to meet the 
Circle's Periphery, as P A, and it will be the Mean proportional 
requir'd, vis. PX AP = BP x PG. 


. By 


** " 
N 
IST — EMC 


7 
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by | Pena 6. And Z. B is common to both Triangles. 1 here 


fore C. BDA = 4 BAE, by * 6. | conſequently ABA 
D is like to A BZ A. | | | 


x * 


BA=b Then bb Fog = af To by Than In 
Let he cas] BC=h ; ö Conſequently % = N ec, 

2. CA=c Which gives the following Analogy, 

. hc: * that ls, BA:BZ::BD: BA. 


GEV. 


 Corollaries, © 


1. Hence it is evident, that in any Right-angled Triangle, a 
Perpendicular, being let fall from the Right- angle upon the Hypo- 
thentiſe, will be a Mean proportional between the Segments of mo 
* Hypothenuſe : That is, BP: PA:: PA: PC 

2. The Baſe (B A) is a Mean 
proportional | between the Hypothe- 
nuſe ( BC) and that Segment of tbe 
Hypothenuſe next to the Baſe, (viz. 
ed that 1 is, BC: 5 4 124. BP. 


R c 

3. The Cathetus (AC) is a Mean e 
proportional between the Hypothenuſe (B C) and chat Segment of the 
Hypothenuſe next to the Cathetus, (viz. PC * That! ths Ci 405 
AC:POC 


Scholium. 


I have been more large upon this moſt excellent Theorem, in 
giving a double Demonſtration of it, becauſe it is ſo univerſally uſe- 
ful in all Parts of the Mathematics For the Buſineſs of Trigonome- 
try (both Plane and Spherical) wholly depends upon it; and there- 
fore one may truly ſay, that Affronomy, Dialling, Navigation, 
Sur veying, Opticks, &c. depend upon a due Application of it. 

And of its Uſe in Geometry, Des-Cartes takes particular Notice ; 
as vou may find in Dr. Pell's Algebra, Page 05, whoſe Words 
are theſe: 

Des- Cartes, in a Letter not yet printed, writes aha Oh In 

„ ſearching the $lution of Geometrical Queſtions, I always make 
ec uſe of Lines parallel and perpendicular, as much as is poſlible, 
«. [he means as many Lines as are uſeful] and I conſider no o- 
«© ther Theorems but theſe two, [the Sides of lite Triangles have 
6, [tide n And s Rectangle Hie the Square of the 


66 area? 


| Join the two given Lines into one, 


Chap: 3. 1 Theoꝛems. 5 313 


cc « greateſt Side is equal to the Squares of the two ather Sides.] And 
« ] am not afraid to ſuppoſe many unknown Quantities, that I 
% may reduce the propos'd Queſtion to ſuch Terms, as to depend 


« on no other I heorems but theſe Two.” 
This I thought convenient to inſert, that the young Learner 


may ſee how the great Des-Cartes eſteem'd theſe two Theorems, 
viz. the laſt, and Theorem 11; for, in truth, all the precedent © 


Theorems are only (as it were) Preparatives to theſe T wo. 


This laſt Theorem demonſtrates the Reaſon of the Method oſed 


in finding out Proportional Liner; ; as in the Three * Pro- 
em. ü 


P R O B L E M 1. 
Two agenda being grven, to find a Third Proportional. 


(. e. 6.) 
Let theſe two Lines be 2 — 
Set the two given Lines at N ”_ be 


any Angle in the Point 4, and 
produce the Line 4B to C, 
making BC= AD; join the A 


Points B, D with a Righi-line, © oy * 2 = 


and draw CPF parallel to BD; 
then will the A A BD be like the PE 4 C F. r AB: 


BC (SAD) :: AD: DF, which is the third Fun, 1 


required. 


PROBLEM IT. 


i Two Right lines being given, to find a Mean proportional Line berrvcen 


them. (13. e. 6.) 


Let the given Lines be 4 75 


* 
* 
3 
23230 
22 * 
1 
— 
2 


viz, make B C BPL PC, and CE 1 
upon BC, as Diameter, deſcribe a 3 I C 
Semicirele; ; then upon the Point 8 | 


where the two Lines meet, ereck a Perpendicular to meet the 


Circle's Periphery, as P A, and it will be the Mean proportional 
requir'd, viz. APXAP=EBP XPC. 


8 8 By 


Elements ot Geometry, Pert Ill. 


By this Problem * tis eaſy to conceive how to make a Square 
equal to any given Parallelogram. (14. e. 6.) 

For if BP be the Length, and PC be the Breadth of the given 
Paralleligram, then will " P be the Side of the . equal 1 in 
Area to that Parallelegram. 


PROBLEM III. 


Tire Right lines being given, to find a fourth Proportional Line, 
(. 2. e. 6.) 


Suppoſe the three Lines 


Upon the longeſt Line 4 B ſet off 
the next longeſt Line AD ; viz. 
make DB=AB— AD; then 4 
upon the Point D ſet the other Line 
VD at an Angle, either right or oblique, and draw the Right-line 4 C, 
continuing it a ſufficient Length; make BF parallel to DC, and it 
will be the fourth Fan requir'd; thatis, AD: DC: :A B: BF. 


TH OR E M XIV. | 
1f any Angle of a plane Triangle be biſefted (viz. divided into two 


equal Angles) with a Right-line, (viz. as C A is ſuppos'd to do the 
Angle BCD) it will cut the oppoſite Side (viz. B D) in Propor- We 


tion to the other two Sides of the . Triangle. (3-4 6.) i. e. 
B A: BC: : A4 D: CD. 5 


Demonfrarſon. 


Pi itz the Side D C, until CZ 2 
B: join the Points Z, B with 
a Right. line, and draw the Line. * | 8 
FC parallel to BD; whence the ; F. . 
£LL=LCBZ per Theorem 6. and : 
£4 + LCBZ, or 2 CBL =. 
BCD per Theorem 5; or, dividing 
both Sides of the Æquation by 2, 
£CBZ =; 4 BCD. But . Kg 
BCD=L ACB = ACD by the Hypotheſis, therefore 4. 
ACB=L4CBZ per Axiom 5: Whence AC is parallel to BZ 
per Theorem 3, and the Triangles BDZ, ADC, and FC are 
ſimilar, by the ſecond Fi igure to Theorem 12. conſequently B A 
{= FER} BC(=£C):;: AD: CD. Q E. D. 

T HE O- 
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THEOREM XV. 


i two Right-lines (hawſoever drawn) within a Circle ah cut each 

other, the Rectangle made of the Segments (or Parts) of the one 
Line, will be equal to the Reftangle made of the Segments (or 
Parts) of the other Line. (35. e. 3.) 


That is, if two Lines (as AB and CD) do cut each other i in 
any Point, as at æ, then will Ax x BK Dx x Cx. 


Demonſtration. 


join the Points J, C and B, D with 
e then will the A 0 x A be 
like to XB D: For L BS A 
and C. A = 4. D. by Corollary to 
Theorem q. and . Ax C LB xD. 
by Theorem 2. Therefore it will be A x: 
Dx: Un: B. K ED Theorem 13.4 Conſequently A x * 5 9 
A 


THEOREM XVI. 


If " Right-lines are ſo drawn within a Circle, as, being conti- 
nued, they will meet in a Point out of the Circle's Periphery, the 
Reftangle made of the one whole Line, and its Part out of the 
Circle, will be equal to the Rectangle of the other whole Line, 
and its Part out of the Circle. ( 38 37. e. 3.) 


Tu hat is, if the Lines AC and 

D B be continued unto the 
Point Z; then will AZXCZ 
=DZ X BE 


Demonſtration. 


ö the Lines AB and C D, ; 
then will A CZ D be like to the- | 

ABZ A; tort AZ LD, and L. Z is common to both 77 
angles ; conſequently, . ABZ L DCL2L, by Theorem 4. 
therefore AZ; BZ :: DZ: C2. Ergo, AZxXCZ= 
DZ XxX BF. 


THEOREM XVII. 


If Hom any Angle of a plane Triangle inſcrib'd in a Circle there 
be tet fall a "Perpendicular pon the oppoſite Side, as DP; 
2 4 : 


316 Elements of Geometry, Part III. 
As that Perpendicular is in Proportion to one of the Sides A. 
ding the Angle, ſo is the other 10 including the __ to the Di 
ameter of the 9 


x Z 
* 
5 
8 


Demonſtration. 


Let BCD be the propoſed Triangle. DN 
From the Cat D draw the Diameter N.. 1 8 
D 4; then will C A= £ B, becauſe : 
they both ſtand upon the ſame Arch D C, 
and C DCA = 902, by Theorem 10. 
conicquently the C ADC LB DP, : 

by Theorem 4. Therefore AHD CA is 
like to the A DPB; and therefore 
DP: DB +: DG: DA; or, DP; 
DG: DB : DA. Q. E. D. 


r 
* 

FL 
15 7 
3 
9 1 
#7 
2 5 
5 

* 1 4 
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Fe 
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THEOREM XVIII. 


If any Duadrangle (that is, a Trapezium) be inſcrib'd within a 
Circle, the two oppoſite Angles, taken er, are equal to two 
Kigbt-angles, viz. 180% (22. e. 3.) . 
That is, in the Quadrangle AB C D the £ 4 + 4 C= = 1809, 

dated oat ri 


« n 8 7 TY A * U ” 
* * r 4 9 FFP ˙²˙ Ao IN ITY 4 
FE ERAS n 8 rh . PPTP 
5 3 25 JJ ͥ v 
8 5 2 5 


7 * « * 3 r r 1 
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ö . n 2 2 5 af 6 * DT 7 4 9 7 <5 . 4. K n r . Ver 
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an 3 EI W 3 Sed „„ One FO ye ore 3 5 n 7 N 23 72 4 Ge 8 _ SED EI ae EONS. 158 
2: r 8 i e , Fo OW OE Ht 2 e = I o . £ N F k E r * N 0 n 9 * 


Demonſtration. 


Draw the two Diagonals AC, and B DD:ͤ . 5 
then will the „ BDA =. ALBA A, | 
and the BDC 4 BAC. by Co- 
rollary to Thurmg. But L ABC+ 
, BCA + 4B AC. = 1509, by bh 
Theorem 4. and the £ BDA + £ BDC D 
ADC. Therefore the L ABC ITZ ADC = 1800 
and by the ſame Way oi arguing it may be prov'd, that the "A 
BAD + L BCD= 180%. Q. E. D. 
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THEOREM XIX. 


| If i in any „ Duadrimgl inſcrib'd within a Circle there be drawn 1100 
| Diagonals, as AC and B D, the Rectangle made of the tive Di- 


aponuls will te equil to both the Rectangles made of the oppoſite 
Sides of the Quadra gle. 


That is, ACXBD= ABxXCD+ADXBC. 
Demon- 
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cauſe they both ſtand upon the Arch AB: 


; 1 
— — . ; 
— — 


Demonſtration, 


Make the "Ah DG = Arch BC, B 
and from the Points 4, G draw the Line IN 
A f, and it will form the A Af D, like * 2h | : 
to the A ABC: For the Z FAD = 
L BAC, becauſe the Arches DG and 
BC are equal. 

Again, the L FD A L BCA. be- 


Conſequently, the C AF D= £ ABC, 


by Theorem 4. Therefore it will be AC: BC: 4D: Df, by 


Theorem 13. Ergo * = DL. 


Again, the A B A/ and A ACD are alike: For Z ABf 


=£ AC Dy and C B AH, = L CAD, becauſe the C f 4 D 


= 4 BAG, and the 4 Af is common to both Triangles. 
N the Af B=LADC. Therefore A C: CD. 


: AB: Bf, by Theorem 13. Ergo CREED = = 3/7. But 


Df + Bf = BD. Conſequently, B C x AD CDx4B 
=BD x AC. E. + * 


THEOREM XX. 


All pa ( whether Ri ght or G ) that fland upon 
the ſame Baſe, or upon equal Baſes, and betwixt the ſame Paral- 


ele, are equal to one another. (35. & 36. e. 1.) 
That is, c AB CD NH CD. 


Demonſtration. 
Becauſe AB=CD= ab, by Suppoſition, therefore Aa = 2; by 


for Ba is common to both. And be- | 3 
cauſe AC= BD, and the 1 A L. 2 — m 
B, therefore the /\ ACa=4\ B 5 b: l i 
And if from both Triangles there be 
taken the A B x a common to both, 
there will remain the Trapezium AB xC C 
Sab x D, per Axiom 5, 


N 
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318 Elemente of Geometry, Part 11], 
But the T-apezium A BK C + NICx D ='S ABCD, and 

the TrapezinmabxD + A Cx D = 2 a5 CD. conſequently, 

ABCD D. Q. E. D. 


Cor ollary. 


Hence it will be eaſy to conceive, that all Triangles which ſtand 
upon the ſame Baſe, or upon equal Baſes, and between the ſame 
Pataliels, (viz. having the ſame Height) are equal one to another, 


(37- & 38. e. 1.) 


For all Triangles are the Halfs of their circumſcribing Paralli. 
lograms; and therefore, if the Wholes be equal, their Halfs will 
_ allo be equal. f . 


THEOREM XXI. 
Parallelograms (and conſequently Triangles) which have the ng 
Height, have the ſame Proportion one to another as their Baſes have, 
JJ... 85 


. Demonftration, 


Draw AF parallel to BG, and draw 4 c 'Þ 
AB, CD, FG Perpendiculars to them. . Tok 
Then WS Dx EDDA tg „ 
And becauſe C D = A B, therefore „ 
DG Xx AB S CDF, but BD EY 55 
JJ AB: DTxXdD BT»: 

And conſequently A ABD: ACDG _ 
ü 8D: DG, . E. D. 


THEOREM XXI. 


Similar or like Triangles are in a duplicate Ratio to that of thar 
. homoligous Sides. (19. e. 6.) 


That is, the Area's of ſimilar Triangles are in Proportion one 
to another as are the Sguares of their like Sides. 


DemontTtration, 
Suppoſe the A B C D and 
A bcd to be alike, and their 
like Sides to be thoſe mark'd 

with the ſame Letters. 
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Chap. „ Of Theoꝛems. 0] 19 
Leet A and a be Perpendicular to the two Baſes D and 4. 
Then 2 DA = the Area of A BCD 


; By Lemma 3, Page 303. 


And 2 44 = the Area 55 A 7 rin 

But £ 3 ee. Dy Theorem 13. 

Conſeq. | 3] D: d Þ : a 
CV 
4K 2045 [IT DUDdA = D 4%. By Ariom 3. 

5 Hence [OG] DD: dd: : 2 DA: 2 da. And ſo fo. other Sides. 


THEOREM XXIII. 


ns every Obtuſe-angled Triangle (as B CD) the 1 if the Side 


ſubtending the obtuſe Angle (as D) is greater than the guares of 
the other two Sides (B and C) by a double Rectangle made out of 


one of the Sides (as B) and the Segmen or Part F that Side pro- 
duced, (as a) until it meet with the ag P) tet fall upon 


l. (12. 2. . 
That is, DD= BB+CO+ 2 Ba. 


. Demonttration. 
Firſt 1 | D D= P P+Haa+2 Ba+BB 
E. Andjſ2|CC—=PPan 
1 — 2 3| DD=CC=2 Ba BB 
E 1+CC|;| DD= AD CC 38s. 


e 
Hence 'tis evident, that, if the Sides of any Obtuſe -angled Tri- 


A angle are given, the Segment (a) of the Side produced 1 the Fer- 
1 ener P ) may be eaſily found. | 


THEOREM XXIV. 


If a Perpendicular (as P) be let fall in any Acute-angled Triangle 
(as BCD), the Square of either of the Tuo: Side. (as D) i, leſs 
than the Squares of the ther Side, and hat Sie upin wich the 


Perpendicular falls (viz. C and B ) by a double & etangle made of 


the Side B, and that Segment or art of it (viz a) which lies 
next to the Side C. (13. e. 2.) 
That is, DD +2 Ba= BB + CC. 
5 Demon⸗ 


30957 


—— 


— — — — — — nn —.U,»„Kjw»ſy .d — — 
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Demonſtration. 
DD PP Heep. | 
CSP P Tes By * 
B—a=e, by Figure. | 
BB —2Ba+aa=reer. 
BB—2Ba=ee—aa. 
BIR ECG Cee—ed;. 
DD—-CC =BB—2Ba 
DD+2Ba=BB-þ CC. 


+> 
D 
OW Om > WD » 


3 
0 


£6 erollary. 


Hence it follows, that, if the Sides of any Acute-angled Triangl : 
be known, the Perpendicular P, and the Segments of the Side 
| whereon it falls (viz. a, e) _y be eaſily found. 


— — 


' 7teSolution if ſroeal Baſy Pyoblems: in Plane Geometry, 
whereby the Learner may (in Part) Perceive tbe Apblica- 3 


tion or Uſe of the foregoi 2 Theorems. 
N OTE, when a Line, or the Side of any plane 7. riangle, is any 
Way cut into two or more Parts, either by a Perpendicular 
Line let fall upon it, or otherwiſe, thoſe Parts are uſually call'd Seg- 
ments ; and ſo much as one of thoſe Parts is longer than the other, 1s 
calPd the Difference of the Segments. 
And when any Side of a Triangle, or any Segment of its Side i. 
given, tis uſually mar d with a ſmall Line croſs it, thus : —- | —— 


and thoſe Sides, or Parts of Sides, that are fought, are mark'd with 
four Points, thus : : | 


PROBLEM 1. 


To cut or divide a given Right-line (as S) into Euren 2 
Mean Proportion. (11,463) 


That is, to doit a Line ſo, that the Square of the greater 


Segment (or Part) a, may be equal to the Rectangle made of the 
whole Line 8, __ the leſs Segment e. 


Viz. | 1 | Se = aa, by the Problem. 
And FCC | 2 
128 


= compleat i its Diameter. 1 


| Thap. 4. Ot Refvlving Problems. 27 
128 8 =e | | | 


2 and 3 = $—a, By Axiom 8. 


PR 

4x8 4 886 
5 + S 64 TSA =S ) 
6, ſolved 7 So E . 88. See Pages 195, 2 


Note, The loft Problem cannot be truly anſuwer'd by Numbers, but 
Geometrically it may be performed, thus : 


1. Make a Square, whoſe side i is = $ the given Line, and bier 
one of its Sides in the Point C; 8 
from the Point C deſcribe ſuch a Se- 
micircle as will paſs through the 
remoteſt Points of the Square, and 


= Then will Gither Part of the Diameter, on each End of the 5 
Side d, be = a, the Zreater Segment ſought, 


But a ＋ S8: : S: 4. By Theorem 13. 
Ergo, aa + Sa g= Ss. Which was to be done, | 


PROBLEM I. 


The Baſ e of any Right-an ngled Triangle, and the Difference between 
the Hypothenuſe and athetus being given, to find the Cathe- 


tus, Sc. 
1116 = 72 
Let] 2 a= 32 8 
And] 304 = Cathetus fought 
Twaldtio cen id date bas A 
[By Theorem 11. “LK 
4—4 4 Dr „50 
5—ddl GZ d = bb—dd 2 31. 3 
| : th — 4d | : . oj® { # 
6 24 42 | ls RD” oo 
Bas 2s 2 4 = 6g 2 3 — | 
Or, 80%: d + 2a::d:b. By Theorem 13. | 
89 


bb = = 4d + 244. As before at the * . 


Tt 


— 
6—— — ot hn, 2 
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* ä O'S 8 


1+2+11|14]|d+x x + a = 97 The — 


n 


Here you ſee that either Way raiſes the ſame Equation ; ; neither 


is there any conſtant Method or Road to be obſerv'd in ſolving Ge- 


ometrical Problems, but every one makes Uſe of ſuch Ways and 
Theorems as happen to come firſt into their Mind, the Reful: 
being every Way the ſame. 


PROBLEM III. 


The Difference between the Baſe and Hypothenuſe of any Riche. anzled 


Triangle, and the Difference between the Cathetus and krone 
nuſe being bath given, to find the Triangle. 


To. 4144522 | 
Let Iller i. = 
And 3d + x+a= the Hypot. 
Then 1 þ pay d by U the 1 
e 8 
4 ©516jdd + WE es” 
5 &?*|7|[xx T2 e a e ee, 
3828 14+ 24x + 2da T 24 Car L dar = L 22 
G /I 2da-þ 2xa+ xx + 2aa=yy ee. 


The two laſt Steps are equal, by Theorem 11. 8 F 
thoſe Things that are equal in both be taken oy the Remain- 
ders will be equal. By Axiom 2. 

That is | 10 | aa = 2dx = lc 

10w?4.11]16=/ 245= 40: 
> 1 +1Irji2}d +a=72 = y The Baſe. 
2 +1113} x+ a= 65 = e The Cathetus. 


PROBLEM IV. 


The Hypothenuſe, and the Sum of the other two Sides, of any Right 
_anoled Triangle, being given, thence to find the Side G7 


Let 11H 97 
And | 2 ae we 137 
By Fig. 3 aa = H | ; 
C $9. ment ren 
4 —3 15 F 2ar6=8Sd— HH. 585 „ 
25 la- 24 CS e 2H 5s 
ee 


Chap. 4. "of Remi in EY 
» 2 + 7 80 20 SL $$ = 144 | 
1 us das — 75 10 a. 
84 2 91% = * = 72 B e required 
2 9 "on 4 = * = 2 —— — 65 The Cathetus, 


PROBLEM Ys 


The H ypothenuſe, and the Difference of the other two Sides of any 
Right -angled Triangle being given, to find the Sides. 


Let 1 9 As before 
And] 2% — d= / Quere a 
: By Fig. 3 aa + ee = hh | 
2 G 4% — 24e Tee = dd 5 : 
3— 445 ade hb — dd - 7 
3 + 5 b — @ 
6 u Ta = 2bh—ad | 
2 ＋ 2 8 24 = d- bb — dd = 154 
38 2 9 = 72 "I 
7 —2{19 20 = ST <TD: —d=130 
— 6s | 3 5 we 


PROBLEM vi. 


. hy any Rigb angled Triangle, either the Baſe, or. Cathetus, and 
| the alternate Segment of the Hypothenuſe made by a Perpendi- 
cular let fall from the AW -angle, being given, 16 find the other 


Segment. 
RS”. ie = 45 The Cathetus eee 
. And] 2 5 L The alternate Sm. 5 
Then 3 526214 Quere a 
3 * alba = 
Again| 5-4 ce By Theor. 11. 
% 4, 5 60% = cc—aa 
: 9+ 24 Jaa ＋ ba ce 
75 C Sad % T4 % L 4 6 
8 w*| TED e | 
role = vi + £9 + Ebb: —ib= 27 And ſo on for e, Kee, 
Eb * | "2 
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Elements of Geometry, | Part III. 


I ſhall now 1 the Geometrical Conflruftion (or Solution) of the 
three Caſes of Quadratict Zquations promis'd in Page 202. Let 
the firſt Example be that above, viz. aa + ba cc. Caſe 1. 


Make the Co-efficient b, and the Root Oy Reſolvend (which 
1s here) c, into a Right-angled Pa- 


rallelogram. And upon the middle ee : 
Point of the Side — b deſcribe ſuch 2 . . 
a Semicircle, as will paſs thro' tze.“ wg] hy 
remoteſt Points or Avgles of the 2 a 5 55 
o . A . 77 2 7 * 
Parallelogram, compleating its Di- . 5 — 


_ 
5 


- 
F 


a 
i 
[2 


ameter, as in the annex'd Scheme. 
Then will either Part of the Diameter, on each End, be equal to 
a; the other Part will be a + 6, and the Side c will be a Mean 
proportional between them: That i is, a+b:c::c: a, by Theo- 
rem 13. conſequently a a +ba=ce. Which was to be done, 


PROBLEM VI. 


The Difference between the Baſe and Cathetus if any Right angled 
Triangle, and the Perpendicular let fall from the Right- angle 


upon the Hypothenuſe, being given; 3 thence to find the Hypothe- 
nul, Te 


Let| 114 = =1 £ The Difference of the Sides. 
And = 
Quere a 30 = 3. Hypothenuſe. 

By Fig. 474725 IE - 8 2 
„ 1 ; 
Again, bjdd+ 2 de + 2c aa. By Theorem II. 

5 Nc 2 7fdöde T2 ce = 2p 
6—7] gd =aa—2pa. Caſe 2. 

8 C gaa—2pa+pp= dd + pp = 1521. 

gw = = eappp=39 

: 10 + fire =P + dad +pp=75, Ce. for e. per Step 5. _ 


' The Geometrical Conſtruction of this Cale 2, viz. a a— 2 pa = - dd 
may be perform'd in the ver ee 

ſame Manner as the 4% Caſe © ile 2 

was; that 1 is, by making 4 Right- - 2322 2 2 24 4 6 466 2550402400 


s 
„ 
o? 


angled Parallelogram of the Co- 7 : 5 5 4 
efficient 2p and the / dd, viz, *: : 2P 

a4, &c. As in the annexed K. wecm=s wang momg, 
Sure. 1 core 


Then 


1 * is FAS « CA "wx SA; * 4 INT +4 * [5 T4 2 as 1 4 „ 8 *% 

8 . ba 3 be RIOT 35 FF . E 

F e N $2 bs, $M EG CCC 925 

2 FOE ECON i Be ona fon FEA. 255 „GGG Es MET rn ak 

E . N * . 

1 r LEE 4 RIA ED NEE pr as S 
. „WESC ˙ A TTV W 
Fra n * 5 r N 

* r BEE? OA EDE N * 2 4 


o * nk 


= 
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*** 


Then will the greater Part of the Diameter to one End of the 


Parallelogram be = a, and the /efſer Part will be a— 2p. For a: 
d::d:a—2p by Theorem 13. Conſequently, aa — 22 4 = dd. 
Which was to be done, OS 


PROBLEM VII. 


The Hypothenuſe of any Right-angled Triangle, and the Perpendicu- 
lar let fall from the Right-angle upon the Hypothenuſe, being given, 
to find the greater Segment of the Hypothenuſe, Sc. 
 Tet| r h = 75 The Hypothenuſe ; 
" And 2Þ = 40 --- 


Then MORE. Quere a 
per Fig. 444: P: p: e "Ye 
df ai 
4 54 e 
32 6 h—a=e 
7 x a| 8]ha—aa=pp Caſe 3. 


= | 8 + | 9 aa—ha=—þÞ 


9COltolaa—ba+thhb=ihh—þpp = 110,26 


10 u 11A —ih=/ + hhb—pp= 10, 5 


114% 12 g H DD = 48. Or, 4 = 27. 


The Geometrical Conſtruction of Caſe 3, viz. ha—aa= p p, 


may be thus perform'd : Draw a Right- quay eee 

line (of any convenient Length at Plea- 5 3 
ſure) and near its Middle erect a Per- © 8 
pendicular = p, viz. of the ſame 27 EE F 2 
Length with the Root of the Reſolvend. 1 3 ha | 2 


From the top Point or upper End of 
that Perpendicular, ſet off Half the 


Length of the Co-tfficient, viz. Ka and upon the Point where A 


1 — 


2 


juſt touches the firſt Line (with the ſame Diſtance) deſcribe a 


Semicirele; then will its Diameter þ be cut by the Perpendicular 
V into two Segments, which are the two Values of the Root a, viz. 
the greater and leſs Roots, both taken together being always 
equal to the Co- efficient: (vide Page 201.) For h —a: p:: p 1 


by Theorem 1 3. Ergo, ha — 4 pp. Which was to be done. 
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8 — 3 7 


11 — 15 — — De Cathetus. 


PROBLEM IX. 
The Perimeter, i i. e. the Sum of all the three Sides of any Rigbt- angled 
Triangle, and its Area, being given, thence to find each Side. 


Viz. Let 100 8 e+3=5s= 234 The Sum of the Sides. 
And] 2 0 The Area 2340 


„ 


aa Cee = By Fi Figure 
2ae=4 4A 


40 Lade Cees =y+44 


Again, 3 
4 

5 

6| a-|- e=s—y 
9 


2X4 
374 
6 &* 
3 
8+ 


— 


aa4+20e4ee=55—259 439 

y+4 =s—254+yy 

25y=s5—4A=4.5390 

— = Ion == 97 Th Hypothenuſe, | 
6, 10]11]abe=s—y=137 

| 4 — 4412 aa—20:Ste=yy—4A=49. 

12 un 13 ae = *.. 49= 1 

11 + 1304 29137 T7144 
13 — 2 15 4=72 The Baſe. 


Eon Gena 
9 = 25jfI0}y= 


9 8 


PROBLEM X. 


In any 1 Triangle a Perpendicular being let fall from the 


Night- angle upon the Hypothenuſe; if the Sum of each Segment, 


' when added to its adjacent or next Side, be given, thence ta find 


each Side, and the Segments. 
Viz. If} 1ja4+u=s=108 

| And n 

To find ſa, e, u, y, and p 


1 54 

un =s5—25a+aa 

UU—AQ=SS—25a=Þ 2 

2 = 

22 — 22 e-＋ ec =yy 

22 — 22 = ee = P 5 
22— 222 — $—250 

a:p::ipie 

10-7710 1 ae=pp | 

5, III 2e 260 


— | | 
S C BU > Wo 


R 0 . 3 95 ; - 5 N 
F OS. ST IN IL OT e x . g 8 . — * 7 32 I y 8 . 2 0 5 K 
3 N e r n * Doe” * 3 ; 
3 . e htets RE pure EROS vn nal 15 S 7 e ; 
res FRetas ny $11rl ts 2s EN Bo Ie RE SER ee os SO ERIN : . = 
y * N 8 * * * N 1 c { - : > — "Eng 4 


e 
3 
r 

ö 


J 
. 
e 


4 9 Se! * IEF f 3 8 Nn ” * —— XY 2 _ N 
. 7 ↄ” ⅛ •— ome ee ph Poe 
; r IT es . —T OSS 70 % FS 
eee 5 n r 8 ED NL n e RY: 
5 N TE p 2 Nn... 5 Q 5 9 er * * - * 


F fag) * os * r 0 ne = * MN 1 , 
EY I 1 EDS FO AE LIE ONS <P (HM 7 2 F 2 y 5 „„ 1 
3 en $5) TR 14 SN Fe PFF A F r r 4 
EO ff Ree Ee e Baer, oct bet 0 0 EO oe oe Een — 8 Le RO fs; 2 3 4-24 . 
. ß 5 2838 CCC "oy 5 . e „ N 


„ 2 

NES ofa Ws 
Oo ns I. 
3 r wy SG, 

OY . 8 * 95 


2 3 * * . A oy 
8 ö DA 
* 9 5 
r 
e 


8E 2 F 

a PM ons, gn nt 3 
OT - Hd 8 EIS 
IHE, IP on I EIT 


5 N . ee eto ron eo IE nh ori £2 9 2 
4 + 5 3 52 8 7271 = . FP 
PFF! ĩͤ v n 
4 * Wy " 2 8 EA 
- 


C 
I. 


* PSY 
ey 1 


Of Reſolving ; Problems, - | 


I2 — 4 125 — $6—25a 


I3 * 22|14|2ze = 2 2 

2 b 2T 22420 
I5 Xx a[l16|zza=55a—25aa+2255+425a 
"103 17 WW 


17 — 25 18 aa + — 
RE 25 


= + 22—450= 28 


Subſtitute 19 afl 
Then 20 „ 8 
20 C 21 aa 2xa4+-xx=28+xX=11025 
21 uws*[22 n 
22 — 4 12 as hop :— = 48 
2 
per 130 25ſe = 8 
2 — 25126 1=45=the Cathetus. 


23 + 2527) Te the Hypothenuſe. 


PROBLEM XI. 


The Diforence of the Sides of any Obligue- angled. plane Nia, the 
Difference of the Segments of the Baſe, and the Difference between 


the greater Side and the Baſe, being given, to find the Baſe, &c. 


Let: 


And 
Then 


a = the leaſt Side | 
4 +6 P * the Baſe 


Sb 7 75 = 
By Theorem 16. 
db+ba+bx=ad+2da 


. —— 


And 


4 = the Difference of the Sides — 405 
= the Difference of the Segments = = 4 


— 165 the Differ. of the greater Side and Baſe 


541122246 „„ 


[2da—ba—db+bx—dd 


7 

8 
8--2d—5| 9 db+bx—dd _ 119125 _ 

O 

I 


24 — _ 315 
d+a—=780=the greateſt Side. 
d+a +#=945=the Bale, 
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PROBLEM XII. 


The Difference of the Sides of any plane Triangle, the Differecs 7| 
the Segments of the Baſe, and the Perpendicular er fall from the 
vertical Angle, being given, thence to oe all the 98 1 


405 
rapped as before | 
þ=300 

a the leſſer Seoment 


Let 1 
And 


1 
2 
: = 
Quere] 4 
Then] 5/4420: J T 25 :: 4: 5 
6 
9 


5 *.*| 616b4-2ba=dd+24e 

6 — dd] 7|bb—dd+2ba=2de 
2x=bb—dd=8Trooo 
7, 8] 9] 2x+2ba=24e 

| 2 x--ba 4 | 
9 +* 2411 = =E 
But 11 pp Tag g= ee By Thivrem x II. 
1 xx+2xba+bbaa | 
0 TT TTY : 
xx--2xba . 

ee 


1 3 x dd I4 xx +2xba-bbaa: = =ppdd+-ddaa 
I4 +|15|bbaa—ddaa+2xba= =ppdd—xx 
8, 15/16 Or 


5 dd 
16 = 2x : 2006.29 A 


. 19— 5420 * b = 225 


od 
20 X 2 217 24 450 
2 + 21 (22] + 2a==945 the Baſe. 


10, Num.|23|e=375= the lefler Side. 


1 + 23 24]4+e=780= the greater Side. 
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PROBLEM XIII. 


The Sum of the two Sides of any plane Triangle, the Diference of 
the Segments of the Baſe, and the Perpendicular let fall fi from 1 
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Chap. * 


6, T7 90 of ONT: 


Vertical Angle upon the Baſe, being given, to fnd 4 Baſe 
a and the Sides. | 

1 = 115 5 the Sum of the Sides. 
£1 Let 4 = 495 the Difference of the Segments. 
181 3 = 300 the Perpendicular. 
2 a = the leaſt Segment. 

e = the leaſt Side 

d + 2a = the Baſe. 

$— 2e=the — of 0 win 


d+2a: 5: 5 2: 4 885 
aa Tb ee 5 
g w?jIO Jaa PD e 
8 [11] dd +2d@a=55—25e 
11 F|12]25e2=55—dd—24a 
Suppoſe 130 2* - , 
Then I 4| 250 = 2X — 24a 


Tn 12 * da 
14 + 210. 


\O © 2 Sa RR Roe 


- * 5 
wh PP. Tikes 


a ö 
9% „„ 


10, 1506 = 5 
, 6 G. ; - ons ne 


-f 


17 * 18 *r — 3 + ddaa = naa + 55þp 
18 -+ fig — ddaa + 2xda = xx —5SÞp 
13, 19120] 2xaa + 2.xda = xx — app 


20 — 2x|21]aa + da = Ix — =, Oe. as before. | 
21, hence 2204 = 225 

22 x 22324 2 450 

= 2+ 2324 FP + 24 = 945 the Baſs 

= 10, Numb. [25|e = 375 the lefler Side. 

= I—25h6 —e= 780 the greater Side, 
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PROBLEM XIV. 


? e Area of any Obligue- angled plane Triangle, the Difference of 
* the Sides, and the Difference of the Segments of the Baſe, being 
given, thence to find the Baſe, c. 


42 141750 2 the Area. 
Let To | 4 = 405 
[3] 5 495 


Uu Put 


Elements of Geometry. | 


* Pare M. 


aa—2ba+bh 


= the Perpendicular. 
a = the Baſe. 


79 


o : . 
„„ 


3 R bs. 2. £1 


a : . 5 
d ag 2de 
ba — dd = 24d 
bbaa — 2ddba + addd = 4ddee 


4 — 


— =» the leſſer Segment of the Baſe 
x © 


=4Uu 


A: aa — 2ba +6 bb 


”y + A = ce = FL 


bbaa — 2ddba + 4% 
5 
23 —2dabg + 1 


ESL 


e 53 


4. — 24dba3 + Dag _ 


[bat — Ada. ＋ A — ddbba* = = 16 Add \ 


adda — 


_— a a... 


4dd DOR TITER as + 
EP 74. der 


44d 


\ bba+— 24dbas + 44 = 16 Add # das 
24% + ddbbas © 
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PROBLEM XV. 


ere is an Obligue- angled plane Triangle, wherein a Perpendicular 

is let fall from the Vertical Angle 

and the Baſe are given; and the Rectangle of the Difference of the 
Sides into the leaſi Side is equal to the Square of the Difference of 


the Segments of the Baſe : 
the Baſe, Sc. 


Let 1 
And 
"Put 
Then 

By Figure 
* 
"EX A 


10 — 44 


97 11 


12 K 4413 


13 — 
= 14 + 2ccalls 
= 15,inNum.16 


The Value of a, in this Ægquation, | may be found as in the Ex- 
amples Page 238, viz. by putting r + e = a, &e. as in thoſe Ex- 


amples you will find a = 37,55502, &c. 


circle being 
cle. That is, 


Any Trapezium being inſcrib'd in a Semicircle, if one of its Sides 
be the Diameter, and the other three Sides be given, thence to find 


the Diameter or fourth Side, 


— . 


= 56 = the leaſt Side. 


y = the Difference of the Sides. 


oO OoOGow ere 


— — 
_ bu 


B = 92 = th 
a+ 2 2 B 
cy = aa by the Queſtion, 
B:2c+y: :: a, 
Ba = 2c + y 
— 
Ba — 2aa = yy 
ccyy = ae 
a — aaa 

* 5 
Ba — 24a. 


——— 
, ; 4 . Fog PIs” 
* £ % 
? g 8 1 
s - # : : N © an? 1 * * 
8 4 0 r 5 ant © ö 


The three Chords or Subtenſes of three Arches compleating a Semi- 2 
each given, thence to find the Diameter of that Cir- 


upon the Baſe ; the leaſt Side 


Tis requir'd to find tht Segments of 


for B=a ＋ 20 


ccBa — 2.ccaa = aaaa 
ch 2cca = aaa 
aaa I 2ca = «B 


aaa + 62724 = 288512 
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Let c = 4 the 3 Sides. 

| 4 2 5 = 

Duzrel 41a = the Diam. ſought. 

Draw the two Diagonals | 
Then 5 ca + bd = ey. By Theorem 19. » 
446 — 35 5 
And as dia By Theorem 10 and 11. : 
va 585 O Sſccaa + 2bdea + bbdd = eery 5 
Ft © x 7] qſaaaa — bbaa— ddaa ＋ bbdd = eeyy Fo 
i » = 9|10|aaaa — bbaa — ddaa = ccaa + 2d = 
mL 10 — 4/1 Ia - bba — dda cca ＋ 2bdc 5 
| 11 — ccaſ1 20a — bba — dda — cca = 2bde 
12, Numb.\13 aaa — 50a = = 120 


This #quation being ſolv' d, as in + Example 2 H. 240 you 
will find a = : 8,0558 1, & c. : : 


PROBLEM XVIE. 


In any Right-angled Triangle, the Area and the Sum of the Hygo- 
thenuſe, when added to w_ Side, being given, thence to find 


the Sides. 
1 RC 5 
20 Te = 5 = 120 the Sum, &c. 
3]Quzre a, W and I 
I x 2 44% = 24 4 
424 — e 
4 2 Se PEAR A 
Per Fig. 6.a⁴ + ee = yy 
2m 8] om v7. 
5, 71 80 = — 
9098. 424.444 
.J. AA y 8 
2110 ans $64 
5 @ * = 
| 4 7 
10+ QT ES 6 
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eh | = 7 ee beer 
6, 93 11 12 7 +a=y == SS 4 ＋ 444 
12, That is. 13 aa — Fs — 44 
N 
13 * 414 a e — 4A 
14 +[15| 55a — aaa = 45A 
15, Num. 16 144000— aaa=b48000 


The Value of a, in this Equation, may be found. as in the 
third Example, Page 241 ; that i is, by making r + Sa, &c. 
it t wil be found that a = bo, 


PROBLEM XVIII. 


25 rs an n Oblique- angled plane Triangle, wherein a Perpend icu- 
lar is let fall from the Vertical Angle upon the Baſe ; the Sum 
| of each Segment of the Baſe, when added to its adjacent or next 
Side, and the Area of the 1 are given, to [Js the Per- 
pendicular and each Side. 4 


y+b=z= I 500 2 5 
epu=zs= $90 Quare, , e, and of 


A = the Area = 141750 
a == the Perpendicular ſou ght. 


Ter 


»+aa=bb 

ee + aa = u 

= 2Z —y 

u 2 — e 

bh = 2% — 22 + 

un = 55 = 250 — ee 

ZY — 22y = aa 

$5 — 25e = aa 

22 — 4g = 22) 

SS — aa = 25e 

22 — 4 
8 
22 

— 4 
25 

22 — 4 


—— - 


| Hevido found che Value of 4 
from the 14th Step, e and y will 
be eaſily found by theſe two 
Steps, and b, , by the 125 n 
oth Step. 


2 44 


274. 


2% 25 


6, 19 
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6 19 20 =4 1 .. 24 8 
[66 2% 4 25 a 
| 298 — 24a | 
20 x 22412 — aa + * 
LY 5 33 S 


2022 — aa ＋ 255 — 24a = 
| ns ; * | 

22 K a[23|2254 — 5aga ＋ x — zaaa = 42A 

23, Num. |2.4|g00000a — aaa = 243000000 

[f Here a = 300 found as in the laſt Problem. 


5 S 
* hd 
. — 


PROBLEM XIX. 


ö 


wk PS: | 4 7 y . TEAR, oY Ef IO IT © one" 

2 re . SO. AT 8 4 Bd CR IO N e D N . 
5 8 0 2 JVVTVTCCCCc IG RET 5 — - „„ ID OR ar 
. on * // OS IIS 6 7h, 2 2 l g wt * r 
N IN > nn FE LOR NR ee BI er Fe FE: 2 F . 

3 - os « T3 0 23 — 1 1 . - % ” A 


There is a Ri 2b. angled Triangle, wherein a Ri ght-line is drawn 
parallel to the Cathetus; there is 28 the Cathetus, that Seg- 
ment of the Hypothenuſe next to the Cathetus, and the * 
Segment of the Baſe; thence to find the Baſe, &c, 


4 V 
5 2 5 TT LIES 3s „F 


viz. Let 1 and h 
1 6 + = the e Baſe, Quzre a 
| Here NN 2 e per Figure. 
And] 4 4a + ee = bh pee Figure, 
EW. 
3 W 5 ＋ — 6 
ccaa 3 
39 UBT eee 
4 — aa) 7b — aa = ee 
1 | ccaa 5 
6„7 Uf e EY wa 5 — 
8 x| gfccaa = hb — bbaa+ 2hbba — 2ba3 + hhaa — 4 
9 +|10!a* + 2baaa + ccaa + bbaa — bhaa — 2hbba = 5 3 
That is, I 1 aaaa + — + 7 514. Lag — => go000 _ Wy 1 


For a Solution of this Equation let it be made 


CCC "os 10895 * 7 
Put re 4 4 90 G = gooos 
(ri +4rrre + brree= af 


J brrr + 3brre + 3bree = baaa . , _ 
Then err + 2cre Pap cf way FE (= © = goooo | 
Ar — de = — da 
Let r = IO 1 
8 Then 


$i 
Fc 
1464 


ST 
WR 5 


44 * * * Tree * 0 STEAD Wy 
e 
8 r 5 75 AN 2 2 9 


Operation, which being inyolv'd, and multiply d into the Co- Mei- 


L MF , 7. N . F 2 4 W a + 
"Iu 5 x e 0 a 8 r „„ IP 0 ITN e 1 ; CAN 2 7 cab . 5 W AA - 
n . n Se SS! CI Gs V Er Ny FIPS 8 . V 1 e 1 Ks 4 > * 

EEE ͤ — 11! ²˙² u; ..,. ) ß . ett Ws l F 5 : * 

"3 * * "4 > * * 1 
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a + 10000 + 4000e + Goore a 

Th + 40000 ＋ 120002 + 1200ee 

* 75100 + 1502 + 7s te- 
— 90000 + oo 

- Thatis, 35100 + 22020 + 2 55 lee = 90000 


Hence it will be 22020e + 255 lee = 54900 
"OE; 8,632 + «= 8 = 2 . 


And 

0 x rt 

e 8 65 21,52 (2,1 =# 
+e= 251 20 


2 90000 


==.f 


1. Diviſir 10 1,52 3 Firſt r.= 10 
2. Diviſor =10,7 1,07 = e= 2.1 


— — — 
. 


45 &. 'r +e = 12,1 = br z Wend 


ents, as before, will produce theſe Numbers: 
+ 21435,8881 + 7086, 24 + 878,46ee 
+ 70862,4400 + 17569,20e ＋ 1452, ooee 


+ 109953,9100 + 18174, 20 + 5 
| — I08900,0000 — 9go000,00e 


Fez. 93352,2381 + 33829,04e + x — 90000 

Here, becauſe 93352,2381 7 90000 therefore 12,1 7 a, 
and therefore it muſt be made r — e = a, which will produce | 
the ſame Numbers, only all the ſecond Signs muſt be changed. 4 

Thus, 93352,2381 — 33829,04e + 3081, 466 = 00 
from whence will ariſe this Zquation : 


= C. 


T- + 33829,64e — 3081, 466 = 3352,2381 | 
Conſequently, 10, 9784 —ee = 1,08787 332 = =O | 
Operation 10, 9784) 1,8787332 (90999 = — e | | 

| —2=,0999 GIS... | 
I, Diviſor 10,88 108973 Laſt r = 12,1 
2, Diviſor 10,879 97911 97911 . —£e = 0,0999 
3- Divifor 10,8785 | 1070232 r —e= 12,0001 = 

1 2285 5 
N 


PROBLEM Xx. 

In the Oblique-ang/ed Triangle CAD, there is given the Side A D, 
and the Sum of the Sides AC CD; aljo within the Triangle 
is given the Line AB perpendicular to the Side C AJ; thence to 
7 the Side CA, &c. I. : 

Loe 


5 1 


„ 


23 4 3 + 24% > yy — — = 
, 4 > 5 - ; —— 5 . A 0. i ESI A | * — * 4 - —.— ve 0 yl 
EIT > + MI 8 * r N . > 7 — "cbs v9. "_—y 54 2 _— 4 i EXT — a . * 7 5 2 £ 9 * » 
<< A - * 5 8 "ny oh W N 4 * vWF Re oe e LO Hg ; 11. thy 3 — a I _ SON * 
8 nt *4S k 2 — . Abd - — * 2 5 2 — — 2 * © % 4 . 2 0 fr noe 2 — 7 — — — — 2 
- 1 v — — . — 2 8 R r . — 8 ba Wu Ii Dn Sa „ 5 * + -_ * 7 — 
ates — 2 7 K * 0 - ö - endo - — my 
. 5 — 2 —— _ . — - N , wy rite >. * — —— . r — ar et Vo. co to. . 2 Ge PLE . by 3 * N — —— ſ x i * 168 ha "ts o _—_— 7 * ** 2 22 — 1 
_ CT 42 ³ —— IO" — x NETS 
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1 CA+ CD=5s=51 
Let | 2} 4D d= 32 4 
See 3 1 
And] 4J/C 4 S a ſought 
| * 


Suppoſe the e D F i 
parallel to AB; CA hiink N to F 
Then] A CAB, and A CFD will be alike, 

And] 6]EC: C4: : DC: CF EL 
But] 7]BC = / "bb o+ aa. Let AF = e, and b, 
6, 78 ' T da: a2: —- 2: 4 * e 
5 | | iq — aa | a 
92 AV: TEE 

5 G. *|[ro[s5—25a+ga= OCD 
Per Fight 1155—25a+aa=aa-+ 2a04ee4+yy= 0 cr. 2 =D 
11 — aa|12]55—25a=2ae-þeeyy 
1 But 13 dd=ee+y=0 AF4 O FD. 
12 — 13|14|i5—25a—dd=20 
Let 15 2x =s5—dd 
14, 150K - ae 
X — $4 


16 — 417 = 4 | 
5 4 , 
| 1 22 
T7 + 41181 =a+e 
1 

ee STAY 
Silo 2 2 E 

9 3 bb aa © mY DIED 
| 12 2 - EHAa—25 a4 — 
18 G 220 _ 4 2 E der, 
g — 2c + 44 
EL” 7775 15 
95 Ws ah — * — 2a x5a + 244 * 864 88 a+ 
: aa 


* — - 
< - — 
2 * e 
— 12 . 2 2 * 
* * . 1 — 8 % 2 2 1 5 > 
7  "_— og: CCC 4 2 ed — 10 f "1 *ac * 
— em. - — ” — =. a > hs oe — n — — 
2 — 2 * 
3 %% 


—— —_ * ' - i 4 . — 


This Equation being brought out of the Fractions, and into Num- 


bers, will become — 201847 + 12540943 — 246423c,25a% + 


35408 30 4 = 274183922,25; Which being divided by 2018, 


mme Co e Hcient of the higheſt Power of a, will be —a4 + 62,145 
6 — 1221, 12540 + 17575596974 = 135869, 138875 &c. 


And 


0 


3 8 2 
45 0 „ 


Chap. 4. | 


And from hence the V alue of a may be found, as in the aft Pro- 
zien, due Regard being had to the Signs of every Te Bens 4 


— 


— 


Tbis Work of reducing, or preparing Aguations, for a Solution by 
Diviſion, hath always been taught both by ancient and modern Wri- 
ters of Algebra, as a Work ſo neceſſary to be done, that they do 
not ſo much as give a Hint at the Solution of any adfected qua- 


tion without it. 


Nou it very often bappens, that, in dividing all the Terms of an 
Aiquation, ſome of their Quotients will not only run into a long 
Series, but alſo into imperfect Fradtions (as in this Aquation above) 


= which renders the Solution both tedious and imperfect. 


To remedy that Inperfection, I ſhall here ſhew how this 
Aquation.(and conſequently any other) may be reſolv'd without 
ſuch Diviſian, or Reduction. BO ES ett ne Do 


Let 5 = 2018, c= 125409. d = 2464230,25 
77 = 35408307. And 274183922,25 
Then the precedent Æquation will ftand thus: 
L baaaa + caaa —daa + fa = G _ 
©, "lt £42 ='@ as before. © 
" — br4 = gbrrre —Obrree = — bat} 
en will! 3-03 + gerre Þ geree=+ ah __ 
Then will LEONA 221 0 — 24. 0 


Think plain and eafily conceived. - The next Thing will be, 


= how to eſtimate the firſt Value of r; and to perform that, let & 
de divided by b, only ſo far as to determine how many Places of 
= whole Numbers there will be in the Quotient; conſequently, how 
many Points there muſt be (according to the Height of the & guation.) 


„ 


Thus 5 = 2018) G = 274183922, 25 (130000 
. 9 1 rh 2018 e 5 


7238, de. | 


Now from hence one may as eaſily gueſs at the Value of r, as if 


all the Terms had been divided. That is, I ſuppoſe r = lo, 
| which being involved, &c. as the Letters above direci, will be 


EO W = 20180c09. 


— =_ da Rey "am — _— —— þ. — « 
9 * 2. — 
2 — — — — — of Y 2 2 — 2 

6 r . 3 DOC IS 5 - C: 2 > _— - 

3 . Orr oregon ps STI aces oe 
» — 5 0 = ” > 3 wo Pry — 

vas £4 „ > . ps — — —— 1 2 1 83 #206 — 
< = — "_ — n. — 5 + RA I: money < 


be compoſed of % 8 Inches; if the Di 


338 Elemonis of See Port INI, | 


— 20880000 — 0) 2000⸗ — 12100 _ | 
+ 125409000 + 37622700 + 37622700Ww e! 
— 246423025 — 499946 ore — ae See pe 
+ 354683070 + 35468 1 
Viz. 213489045 + 15734402 3 . be. 
Hence 15734402 ＋ 87239, 7 5ee 60694877, 25 ps 
Con ſeguentiy, 2 = 69572 


DR pans oo ag 
Operation 180,3) 695472. (37 2 


— — 


2 146,72 Fiese 
— 1 128, 80 e 3,7 
&. . 2 1% =r fora 


ſecond Operation, with which you may proceed, as in the laſt Pro- 
blem, and ſo on to a third Operation, if Occaſion require ſuch Ex- 
aQnels, But this may be ſufficient to ſhew the Method of reſolv- 


ing any adfected Æguation, without reducing it; which is not on- 
Iy very exact, but alſo very ready in Practice, as will fully appear 

in the laſt Chapter of this Part, concerning the Periphery and Area 
of the Cirele, &c. wherein you will find a farther Improvement in 


the Numericas Solution of . Tigh Ain, than hath hitherto been 


* . 3 
4 — — 
r <a - 

oe, * * . * * . 6 FD 9 


CHAP. V. - 


Prat 1wblems, and Rules for finding the Superficial | 


Contents, or Area's of Right-lin'd Figures. 


PeEfore I proceed to the following Problems, it may be conve- 

nient to acquaint the Learner, that the Superfictes or Area of 
any Figure, whether it be Right-lin'd or Circular, is compoſed or 
made up of Squares, either greater or leſs, according to the different 
Meaſures by which the Dimenſions of the ook are taken or mea- 
ur'd, 


That 5 if the Dimenfune are taken in Inches, the Area will 


the Area will be compoſed of |; ſquare Feet; if in Yards, the. Area 


will be /quare V. 5 f go if the Dimenſions are taken by Poles 
or Perches, (as in Surveying of Land, &c.) then the Area will 
be fuer Ferchen al e Things being underſtood, * 

the 


monſions are taken in Feet, 


Therefore ABx BP, or CD x BP= 
| the Area of the Rhombus A B CD. 


pendiculay Breadth is given. 


RY avs — wh „ n 


: E g " . 2 * * „ > — * 8 +. + lard. at FRE 
— 1 „* S 
a hes i 


2 


ch. 3. Practical Rites about Area's, be. - 39 


6— .. Att. 


the Definitions i in the 283 and 284 Pages well conſider'd, will help. 


to render the following Rules very eaſy. 


PROBLEM 15 


E 7 o find the Superficial Content, or Area of a Square; or rof py 


aw Right-angled PParallelogram, 


- Rule, Multiply the Length into its Breadth, and the Produft wilt 


be the Area required. (See Lemma L. Page 302.) 


i. Suppoſe the Line AB —6 5 
Yards, and the Breadth AC or BY X 6___n 
= 2 Yards, then AB x AC = 6 — T | 


WES MH 
4 = as will be the Number of gi} i. 
ſquare Yards contain'd in the Area of 3| 7 $--: 


| TW . 
the Parallelugram AB CD. This . | 8 Dp : 


is ſo evident by the Figure only, that 
it needs no Demonſtration, 5 


PROBLEM I. 


To find the IR of any Oblique-engled eule, viz. 


: cither of s Rhombus or Rhomboldes, 


Rule, - Multiply the Lenoth into its perpendicular Height (or 


Breaath ) and the roduc: will be the Area requir'd. 
That is, the Side AB x BP = the Area of the Rhombus 


ABCD. For if BP be drawn per- 5 
pendicular to CD, and AG be made pa- by IE B 


7 


rallel to B P, thin will O = PD and 
GP —=CD. Conſeq uently AAGC 3 
ABP P, n Rhombuß 
430 D. But I BN BP==ABGP. 


O. III 
5 . 
* ö 
2 £ 


Exams Suppoſe the Side AB= 23 Packer and the 3 


cular B P = 17,5 Inches, (being the ſhorteſt or neareſt Diftance be- 


tween the two Sides, A B, and C D.) then I BN BP=23 x 17,5 


= 402,5 ſquare Inches, being the Area of the Rhombus ie 


The like may be done for any Rhombaides whoſe Length and per- 
X x 2 PR Q- 
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P R 0 B L E M xm. 
To find the Superficial Content, or Area of any plane Triangle 


Every plane Triangle i is equal to half its ci ircumſeribing Parallts- 
1 b 15 e. 1.) which ** the following  .-- 


C Multiply the Baſe of the given Triangle i into hal If its perpen- 
K ale, Gicular Height, or half the Baſe into the whole Perpendi- 
| gk and the Product will be the A... 


That i 14 BD XT CP, or 2 B Dx P - Hriaof A BCD. 
For AC = BP, AB=CP, and | Y 
BC common to both AMA ; there- RO Ten, e 
fore AABC= ABCP, and for CO” 
the like Reaſons A CFD A oa 
GP D. Lherere A SEP + TTY 
 ACPD=3m ABFD. Con- | 
Fee "BD x CP, or BD x< 0 will be the Ab 7 A 

2 

Example. Cuppole the Baſe B * = 32 Inches and the perpendi- 
. cular Height C P = 14 Inches. 

Then 3 BD x CP = 16 x 14 = 224. Or BD 1 1CP 

= 32 X.7 = 224 Or thus, 32 x 14 = 448. Then 2) 448 
Wa En = the Area of the Triangle B C D in ſquare Inches. | 


PROBLEM 1V. | 
2 0 fud the Cuperfeis, or Area of any Trapezium. 


Firſt, divide the given Trapezium into two Triangles, by draw- 
ing a Diagonal from one of its acute Angles to the oppoſite Angle ; 
and let fall two Perpendiculars (from the other two Angles) _ the 
« Dragonal, as in the following Figure. Then 


* 


een 8 


L : 
1 ee 


Multi ply half the Diagonal into the Sum of the two Perpen- 
Rule, SETS or half the Sum of the Perpendiculars into the 
| Diagonal, and the Product will be the Area. 

That is, 2 IOX BTE. Or AC x 2 BP+5 ED= 
Area of the Trapezium ABC D. 
For the AAB C is Half its 8 8 : 6 
the A ACD is alſo Half of its circumſcribing he e as 
hath been prov'd at the laſt. Problem. 


ON. Conſequently 
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" Gnſequonth, BY + ED x + AC, ors BY FTE BNA 
| will be the Area of the Trapezium, 5 
| as above. 


Example. Suppoſe the Dideeuat , 
AC = 33 Feet, the Perpendiu- - P 
lar BP = 15 Feet, and the Per- 15 T | | 
yendicular © Da 14 Few, Than - He gyt een parreect, 
BP+ED = 29 Feet, and 3. | 
s BP + EDx: AC=29 x 16,5 


2478, f. Or ICN EPT TB Be ors otic Or 
| thus, 29 x 33 = 957. Then 2) 957 (47 5 any of theſe Pro- | 
| ducts are the Area of the Trapezium ABCD 


PROBLEM v. 


7 find the Superficial Content or Area of any irregular Dehn 
er many. ſided Figure, which by ſome | 

Authors is call'd a Triangulate, becauſe | 
(as I ſuppoſe) it muſt be divided into 
= Triangles, as in the annexed Figure 
# ABCDFG; by which it is evident, 
that the Sum of the Area's of all thoſe 

\ Triangles, found as in the laſt Pro- 
= Glem, &c, will be the Area of their 
circumſeribing Polygon, 


PROBLEM VI. 


7: + fund the Super fcies, er Area of any regular Polygon, viz. of any 

| * Pentagon, Hexagon, Hepragon, Octagon, &c. 
Multiply half the Sum of its Sides into the Radius 

OOTY of the 22 Circle, or half the ſaid Radius into 

General Rule, | the Sum of the Sides, and the Produc? will be the 


Area required. 


That is, 4B+BD+DE+ EF FG+GH+HK+KA, 3 
y | 


= the * of the annexed Oftagon ; wherein it is evident, that its 
Area is compos'd of ſo many equal Lſeſceles Triangles as there are 
Number of Sides in the Polygon, viz. of eight 1joſceles Triangles, 
= Whoſe Baſes are the Sides of the Octagon, viz. AB=BD=DE, 
Kc. And the Sides of thoſe Triangles, 04 CB, CD, &c. ate 
the Radius of the circumſcribing Circle; and their perpendicular 
Heights, viz, PC, is the Radius of the inſcribed Cirdle. 


Q 
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But the Area of any one of thoſe — is 4 4 B x C P by 
Problem 3. Conſequently the 
Sum of all their free s will be 
CCP into half the Sum of all 
their Baſes, as above. 2 
This, being equally evident 11, 
in all regular Polygons whatſo- 
-ever, makes the Rule general 
for finding their Area's. oY 1:0 
Nov, becauſe it is requir'd to KN. 
have the Radius of the propos'd ; 
Polygon's inſcrib'd Circle, I ſhall 
here inſert (and demonſtrate ) the 1 * 
Proportions that are between the 5 
Sides of ſeveral regular Polygons, and the Radius s both of theiris 5 
5 ſerib'd and circumſcribing Circles; the one will help to delineate o WE 
BI * Palygon ( if Occaſion * it. and the daher will * v 
I its red. 8 


—— —9—— 


And Firf, Of an Equilateral Triangle. Z 

Tue Side of any E quilateral plane os od is in Proportion to e N 

"Rolle of S 

Circumſcribing Circle, [0,577 35027 & &c. 

its ) Inſcribd Circle, bo 1 To 0,28807513 &. 
Perpendicular Height, | 10,8660 540 &c. 


n 0, 57735027 
i. e. AB : CG: : 1: 0, 28867513 


C4 B 46 a 1: 0, 86602540 


85 Demonftration, 
Let AB = BD = I, then will B 
EAD en but AB — DO BG | 
=O 4G by Theorem 11. That is, 1 B | 175 l 
, 25 = 0,75 = U AG, conſe- , 

quently, Ho, 5=0,86602540=AG 11 
Then AG : 4B : : AB: AH, by Theorem 13, what is, 0,8660254! 

1: : 1: 1,15470054 &c. Z 9 then £ 2 AH = 0, 57135027 = 
AC. Again, AG : DG: : that i is, 0,8660254: 0557 
0,5 hg or Son hay Oe Eb. 


Neo, by the Help of * 570 of theſe Propriios, it will be 
£aſy to reſolve the following Problem. K 0 
"I 


3 


* 


e 


PROBLEM 


= The Side of any Equilateral plane T1 riangle being given, to find itt 5 


Area. 


. Fin Suppoſe the Side of the propos'd mn A * c to 
be 25 Inches, viz. AB= BC CAm 25 B 

WT Firſt 1: 0,866254 :: AB = 25: 21, 650635 
BB by Theorem 13. Then AP (= 20 
BP = the Area of A ABC by Rule 
to Problem 3, that is, 12,5 & 21,650635 = 
270, 6329 the Area in ſquare Inches. 


cg. Pad Rules about Aren. Ee. — a 


Or this Problem may b. otherwiſe reſolv'd, 1 


Jam: Let 1 = A HC, Thin 2b == + 


" Z AB. But UAB AP = BP, by . Tbat 
e 445 65 = 300 = © BP. Conſequently, , 30 P. 


Iden 4 / 3b, = BP*4 Ac, vi. V, Ui 3 = the 
5 Area of the: Triangle. : 


bunch, For a aP entagon, 


3 The Side f any Pentagon is in Proportion to the e of 


Inſcrib'd Circle, c F. &c, 

: og Height, I, 55 36841 76 &e. 

43:40: 1: 0,85065080 

Vir. 4B: CH: : 5 0, 688 19096 
45 4H: I : 1553884176 


Circumſcribing Circle, , 8506 5080 &c. 
a} As x: To 


Demonſtration, 


2 Let AB = 1. And draw the 
Diagonals AD, AF, and DG, which 
& will be egual to one another, Then will 
AN DF + ADx GF= AF x DG 
by Theorem 19. Conſequently, AG x 

DF= AF x DG: — AD x G, that is, AB = DO AD: — 
AD x GF = 1 (becauſe AB=AG=DF, and AD=AF=DG) 
| hence it will be AD = 1, 61803398, then AD - DH = 


| O4Hby Theor; 11. But DH=34AB, therefore y/ 7 415. U 7 


= AH = 1, 53884176. Again, AH: AD; ; AD: AA = 24. 


For AAHD and A ADA are alike, 


Ergo 


— 


EN * N 


rr n 
r 


SN 


4 
* 
| 
4 


18 
þ 
1 
1 


. 


— - 
N —: 295. ao * 5 2222 n rr | ©", COL 
—. — 3 — 4 wk — — 22 8 rr 2 
- * 2 r 5 88 ; 
C ESI Hr ECD . r 3 
3 pag: -, n * ** — 
No 2 wel, r 8 Be wil? — AY 2 - 
_ . d 
— 2 2 = BY. es « - l = — = - x — 1 82 22 * 


rn LA n . 1 — 
— — — — 8 — —— — . 4-4. 
= A ͤ ror 0 n 2 
TT r We. 
\- EI 2 449 od It, 4 
. PR Tang, * 
— 
*. 


— 5p Swan 9 þ — 


— i : 2 5 — — 3 * 
Elements of Geometry, "Pa art Air 
8 1D. 2 AC=1,70130161. Hence AC= - 0,85065080 


But AH AC = CH = 0,68819096, &ce. Q. E. D. 
From hence it will be eaſy to reſolve the following Problem.” 


P R 0 B L. E M vil. 
The Sie f any regular Pentagon ar given, to fad its Are. 


Example. Suppoſe the given Side to be 15 Inches, then it will 
be, as 1 : 1,53884176 : : 15 : 22,0826264 the perpendicular 


Height; and by the general Rule 225,08 e * * 1 261 9099 


the Area requir'd. 
T, aur, For an Octagon. 


The Side of a any ently Oagn is in Proportion 2 he i if 


its inf Circumſcribing Circle, As 1 : to 1, 30656296 Cc. 
nas Circie, As 1 : to 1,20710678 CGG. 
5 2 BA: CA:: I: 1, 30656296 
BA: CP:: 1: 1.207 10678 


- Demonſtration. 


[Tho the Right-line D B, and 
from the Point 5 let fall the Per- 
ee B x upon the Diameter 
D A. 

Then will A BDA end A DB 

785 alike, by Theorem 10 and 12, 
þ — BA = =1.a=C. 

1447 = BD, and =P x | 


*\+ 
* 
= 
» 
= 
- 
» 
— 
- 
= 
A 
- 
- 


Ll * 


| Then| 151 5 5 22625. viz. DA: 34 : DB : Be 
Ie [HS == DF Eo < EOSY 


i. 


26+ 9 = = ODB 


| F 
t a, 
| Bu YER EE 


That is ODA—ODB= 0 BA. By Theorem r1, 
4X bb %%% e — 4aayy = bbbb _ 

g 2 . For Cx = Bx 

d U te + U E. 2 


0 6 


Chap. 5. | Praftical Ruler abou; Arca” "I c. | 


Pe OT IT IT1 — 3 


—— 


— 


; 10 ＋ 0 110% = 50 . V ;6 


57 6 7 4bbaa — 24 = h. Or 204 — abb = — bv 
7 — 2 8] aaaa — 2bbaa = — 4 64 I: 
8CO 90% — 2bbaa ＋ b* = b+ — ne 

g wil1njaa— u = N + b4 | Ee” 


II 192124 a; Sb 4 1, 30656296, * =} | 
Then 13% — 5% = CP, viz. -H = P 
13 014 a = bb = 1, 207 10678 &, = CP. 


E 1: 1, 20% 10678: : 12: 1448528136 = = the Radius of its inſcrib'd 
Circle; then 12 x 4 = 48 is half the Sum of its Sides, and 48 * 
14548 5281 36 = — 695529ĩ735 the Area required. 


ö = 17 1 1 
len 


That is 


From hence "twill be eaſy to find the Are of any Gee ; 


-P ROBLEM xc 
The Side of any regular Octagon being given, to find its Ares. 
Example. Suppoſe the Side given to be 12 Inches long; Fir, as 


Fourthly, for a Decagon, 


The vide of any regular Decagon (viz. a Polygon of ten equal. 
Sides) is in . to the Radius 7 


7 Circumſcribing Circle, as £ : to 1,61803298 &c. 

" Inſerib'd Circle, as 1: to: et e Re. 
BA: CP: 1: 1, 33884176 
Demonſtration. 
FBA AA 


= i * and 5 — Bx 
Then | 1 | 2a: b 
Thatis, | IDA. BA: DB: Bæ 


and 7 
Bow 


| 
But j 3} : 1 1b 1803398. See rann. 


nd 2ay = be 
1 [ons be 


3'" | + | 1,601803398 © 8 e, 


1 * 1e] 5 1, 61803398 =a=CA 


SOD. 
209 PFS UU. By Theorem 11. 


| 7 | * 61803398—2,25=1,53884376==CP 


aa] 6 {5 


EL Rs PR O. 
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PROBLEM KX. 


The Side of any regular Decagon being given, to find its Area. 
Example, Let the given Side be 14 Inches long; then 2 
1 1, 53884176: : 14: 21,543784 = the Radius of the inſcrib'd 
Circle; and 14 x 5 == 70 is half the Sum of its Sides. Laſtly, 
21,543784 x 70 = 15058, o6488 the Area required. 


Hiilhy, For a Dodecagon, 


The Side of any regular Dodecagon (viz. a Polygon of twelve equal 
Sides) is in Proportion to the Radius of 


I Cireumſeribing Circle, as 1 
os Inſerib'd Circle, 


Pix 


Demonſtratlon. 
f Let b= BA=1 . a=CA as before 
And e = x4; theng —e = Cx 


8 


11 
1200 
13 uns. > 

14 + 2bv 
15 uns 
Again 


17, Hence 


B A: CA: 1: 1,3185165 
B 4: C P : 1: 1, 86632012 


| bb— oO 3 


1 


17 =- = 
18] CP 


to 1,93185165 Kc. 
as I : to 1, 86632012 &c. 


> * 
Ss * 
* 
42 * 


Vb aa = ee 
aa 4a aa — 2e + ee 

CB — OB OCR 

24 bb — 4 aa = 2ae 

bb — + aa — 22 r ee — 2e 
aa — 4 aa = aa + bb— 2 44 — 24 b — 1 ua 
24a4/ bb —Laa=bb 

4bbaa — aaa — b+ 

agaa — 4bbaa = — bY ZN 

aaaa— 4bbaa + 4b4 = 3b+ = 3 | 

aa— 2bb = \/ 3 = 147 320508075 

aa = 2bb + \/ 3 =-3-7320508075 | 

a =\/ 3,7320508075=1,93185165 =CA4 
CP. vis. CF Q PF = 0 CP 
E. 


— 


. ” * 


r 


— 
* 


aa — + bb = 1, 86632012. 


Con: 
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2 nnn, 


. Conſecary. 


Hence, if the Side of any regular Dodecagon be given, the Ra- 
dius of it's inſcrib'd Circle may be eaſily obtain'd, and thence the 
Area found; as in the laſt Problen. ny 

The Work of the foregoing Polygons, being well confider'd, 
will help the young Geometer to raiſe the like Proportions for others, 
if his Curioſity requires them : And not only fo, but they will al- 
ſo help to form a true Idea of a Circle's Periphery and Area, ac- 
cording to the Method which I ſhall lay down in the next Chap- 
ter for finding them both. . | 


3 : ; 2 : 1 : 7 . ** * 3 mY 


FED 


EH A p. VE 


Anne and caſy Method of finding the Circle's Periphery 


and Area to any affien'd Exatineſs (or Number of Figures) 
by one AEquation only. Alſo à new and facile Way of 

making Natural Sines and Tungents. 
T ET us ſuppoſe (what is very as to conceive) the Circle's Area 
to be compos'd or made up of a vaſt Number of plane Iſoſceles 


1 Triangles, having their aruteſt Angles all meeting in the Circle's 


Center. And let us imagine the Baſes of thoſe Triangles ſo very 


ſmall, that their Sides and their Perpendicular Heights, viz. the 


Radius's of their circumſcrib'd and inſcrib'd Circles (vide Problem 
6.) may become ſo very near in Length to each other, as that they 
may be taken one for another without any ſenſible Error : Then 
will the Peripheries of their circumſcribing and inſcribed Circles 
decome (altho* not co-incident, yet) ſo very near to each other, as 
that either of them may be indifferently taken for one and the 
ſame Circle. 5 e V 

But how to find out the Sides of a Polygon (viz. the Baſes of thoſe 
Iſiſceles Triangles) to ſuch a convenient Smallneſs as may be neceſ- 


A 


ary to determine and ſettle the Proportion betwixt a Circle's Dia- 


meter and its Periphery (to any afſign'd Exact neſi) hath hitherto been 
a Work which requir'd great Care and much Time in its Perform- 


| ance; as may eaſily be conceiv'd from the Nature of the Method 
us'd by all thoſe who have made any conſiderable Progreſs in 


It, viz. Archimedes, Snellius, Hugenius, Mitius, Fan Culen, &c. 
Theſe proceeded with the biſecting of an Arch, and found the Value 
of its Chord to a convenient Number of Figures at every ſingle 


* a 
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2 


Biſection, — their Operations until they had approach'g to to 
the Chord defign'd. 
And this Method is made choice of by the learned Dr Wallis in 


| bis Treatiſe of Algebra; wherein, after he hath given us a large 


Account of the different Enquiries made by ſeveral (very eminent 
in Mathematical Sciences) in order to find out ſome eaſier and more 
expeditious Way of approaching to the Circle's Periphery, as in 


Chap. 82, 84, 85, 86, — ſeveral other Places, he comes to this 
Reſult, (Page 321.) 


&« *Tis true, ſaith he, we might inlike Manner proceed by con- 
<< tinual Triſection, Quinquiſection, or other Section, if we had 
&« for theſe as convenient Methods of Operation as we have for 
&« Biſetion : But becauſe Euclid ſhews how to biſect an Arch 


<< Geometrically, but not to triſect, &c. and the one may be 


« done ( Aigebraically ) by reſolving a Quadratick Æquation, but 


not thoſe other, without Æquations of a higher Compoſition, I 


* therefore make Choice of a continual] Biſection, Se,” 
And then he lays & down theſe 8 Canons. 


=” The Subtenſe of - bs hg 85 Po into 6 


of 2 1 wy 1 
0 EY ro gy 2+ \/ 3}&C.24 
wt RT A: 2-1 2. 247 48 
of 55 Vi- 2＋ NY 2e 2 ＋ * 96 
&c. of :2—y : 2＋ CC : 2+y/ : 2+4 :2+y/ 2] 192 


Oo i2mufinbyi2dy/:i2+y:2+6/:2+4/2) 384 
Jul 2+ Vz N: 8 2+: 2+v 2＋＋ _ 
| | | 4 22 CC, 


H tedious and 3 the Work of theſe complicated Extrac- 


tions 7s, I leave to the Conſideration of thoſe, who either have had Ex- 


perience therein, or out of * ly torll give ee the Trouble 7 


mating Trial. 


Again, in Page 347, the Doctor inſerts a particular Method 


propos'd by Libnitius, publiſh'd in the Acta Eruditorum at Leip/ich, 


for the Month of February 1682, in order to find the Circle's Tas. 
and conſequently | its Periphery, which is this: 


As 1: to 11 F3—=T+F3I—=Irt rr 1 KC. 
infinitely : : ſo is the Square of the Diameter to the Circle's Area. 


But this convergeth ſo very — that it is not worth the Time 


to purſue it. 
1 ſhall here propoſe a new Method of my own, whereby the 
Circle 8 Periphery, and conſequently its Area, may be obtain'd 
infinite 


A 2 


. os. 


Cn 


* 


_ 
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infinitely near the Truth, with much greater Eaſe and Expedition 


than either that of Biſaftion, or that of Libnitius, as above, or any 
other Method that I have yet ſeen; it being perform'd by re/a/ving 
only one Æguation, deduced by an eaſy Proceſs from the Property 
of a Circle, (4nown to every Cooper) which is this: 


The Radius of every e ts equal to the Chord of one 2 Part of 


its Periphery. That is, AD=D H= HG, the Chords of one 
third Part of the Semicircle, are each equal to 4 Fits Radius. Then, 


if the Arch AD be triſected, it ä 
will be AB= B = 27. | 


| eR=dF=1 
| Let — AD = 


. & = AB. Quzre d. 
Then 1 R:a:ia: IB W. 


—_ 


And] 2|R:a:: E- — 22 


That is, = BZ : : Fe: ex = AD — 23 is 
For | A AFB, and A BAe, are alike. Becauſe the Catz 
. Fo AB = Ae = Dx, &c. 


2. 40 Re — 2 Ra = Ra 


to the . Ae. 


4 * &c. ; 3R*a—aaa=RRc. That is, 3a—aaa=1. 
I |Herea = the Chord of r Part of the Circle, 
For x of 5 S . 8 


— —— — — a N 2 2» — — nd — 


1 5 New, 1 5 the Arch 4 „ 
Let 


1 % e the laſt Chord. 
103] 2% — 2 +97 —Y =a3 
1x 3] 33 —'=3 CE 
3 1 775 — 997 +y 1 I 


Here y = the Chord of r Part of the Circle, 


m a te »ͤäͤ6 —_ 


Ag To ihe the Arch whereof y is the Chord. 


Let I 34 — 4 = y 
10 F 2743 — 2705 + ga) — a „ 
1 &5 312434. 405 f 270 901 15 y. 


1 


I] is common to both 


As, and alſo equal 


— — 
4 
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[1] a {21870 + $1030 T S103 — adggan + 
94545 = | : | 
ö 1968 3a — 50040 + 787324 — 


612305 = 99 
274 — 9a3 = oy 
81043 — 81045 + 27ca7 — 30a) = 30 | _ _ 
| 656 145 — 1093547 + 72904? — 24.304"! + 

408 ＋ 274'5 = 2795 2 
| 1968 347 — 459274) + 459274! — 
2551545 + 8505a'5s S 
720 U dee e BY 

10 . 


hg 
101 
0 %, <0 ⁰ +4 


＋48—9 72930 — 107406 + 
Ter- 53 | | 104052413 — 69768a's ITS 
8 Niere a = the Chord of rr Part of the Circle. 


2 1 


Proceeding on in this Method of continually triſecting the Arch 
of every new Chord and ſtill connecting the produced Æquations 
into one, as in the to /a/? Triſections, twill not be difficult to ob- 
tain the Chord of any aſſign'd Arch, how ſmall ſoever it be. 
Nou, in order to facilitate the Work of raiſing theſe #quations 
to any conſiderable Height, twill be convenient to add a few uſe- 
ful Obſervations concerning their Nature, and of ſuch Contracti- 
ons as may be ſafely made in them; which, being well underſiood, 
will render the Work very eaſy. ee 


1. I have obſerv'd, that every Triſection will gain or advance one 
Figure in the Circle's Periphery, but no more. Therefore ſo many 
Places of Figures as are at firſt deſign'd to be perfeft in the Periphery, 
+ many Triſections ui be repeated to raiſe an Æguation that will 
produce a Chord anſwerable to that Deſign. 


2. I have alſa fours, that all the ſuterior Pozvers (of a) whoſe In- 
dices are greater than the Number ef TriſeQtions, (viz. whoſe Indices 
are greater than the Number of dend Figures ) may be wholly reject. 
ed as inſignifficant. Bu 


3. den once the Number of Triſections ard thence the higheſt 
Power (of a) is determin'd, the third Proceſs (viz. the third 
Triſection) may be made a fix d or conſtant Canon; for by it, and 
Multiplication only, all the ſucceeding Triſections (haw many foever 
they are) may be compleated without repeating the ſeveral Involuti- 
07s. | | | 


1 | 4. In 
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4. In raiſing and collecting the Co-tfficients of the ſeveral Powers 
(of a) *twill be ſufficient to retain only ſo many ſignificant Figures (at 
41) as there is deſion'd to be Places of Figures in the Periphery (or at 
moſt but two more) and every ſucceeding ſuperior Power may be allowed 
to decreaſe two Places of ſignificant Figures : But herein great Care 
muſt be taken to ſupply the Places of thoſe Figures that are omitted, with 
Cyphers, that ſo the whole and exatt Number of Places may be truly 


| adjufled; otherwiſe all the Work will be erroneous, 


Noto the Number of _ ſupplying Cyphers may be very conveniently 
denoted by Figures placed within a Parentheſis, thus: 576 (8) 43, 
may ſignify 5760000000043, as in the following Æguations. The 
like may be done with Decimal Parts, thus: (, 7)658 may fignify 
,0000000658 &c. which will be found very uſeful in the Solution of 
theſe and the like Aquatioms, = a 
The aforeſaid Contractions may be ſafely made, becauſe both the 
ſuperior Powers of a, which are rejected; as alſo thoſe Numbers 
| that are omitted in the Co- Hicients (and ſupply'd with Cyphers) 
{ would produce Figures fo very remote from Unity, as that they 
would not affect the Chorddeſign'd ; that is, they would not affect 
the Chord in that Place wherein the deſign'd Periphery is concern- 


| ed; as will in Part appear in the following Example. 


If theſe Directions be carefully minded, *twill be eaſy to raiſe an 
Aiquation that will produce the Side of a regular Polygon, whoſe 
Number of Sides ſhall be vaſtly numerous, conſequently infinitely 
ſmall : But, I preſume, twill be ſufficient for an Example to find 
the Side of a Polygon conſiſting of 258280326 equal Sides; that is, 
if I find the Chord of erz Part of the Circle's Periphery, 
and that requires but ſixteen Triſections, which being order'd, as be- 
fore directed, will produce this Æguation. | e 


 430467214—332369179486968612(4)a3 © 

J +769837653199714(20)a*—8491218532841(35)a7 
 +54633331143(50)a9—230083348{66)a!! 

+08 30988(79)a*i—15072(94)a'5 


Here the Value of à will have 23 Places of Figures true; that 
1s, the Sides of the inſcrib'd and circumſcrib'd Polygons will be exactly 

the ſame to 23 Places of Decimal Parts, but no farther; all which 
may be eaſily obtain'd at two Operations, And for the firſt, twill 
be ſufficient to take only three Terms of the Æjuation, which will 
admit of being yet farther contracted, thus: | 


Let 


* 

: 

i 
3 
| 
; 
x 
i 
E 
I 
[5 
6 
Fa 
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Let 430407290—33239017 94{ 12)@3 = _ 
+7 6983705(27)65 

And let r EV e = a; then Og | all the Powers of e, chat No] 
by Involution above eee, _ 

it will be 73 + 3rre + 3ree + eee = d 

And r5 + Fre + 10rize , Iorreee = a5 
Then the firſt age Value of r may be thus found: 
43546721) 1,00000000 (,00000002 = r 
This ,00000002 = r being duly involv'd, and its Powers mul- 

tiply'd into their reſpective Co-efficrents, will produce 5 


＋, 86093441 ＋ 430467 21e [= 


—,026;8881— 3988322. — 19941609) 3324 (18) ee 
_+,00024635+ 6158 7e 6159 224. 308 (18 eee 


VIZ. $3459196 +39119986e—193257(9)c<—3516{18)ere ='t 


Hence 391 19980e— 193257 (9) ee — 3016 (18) So, 16540804 


All the Terms of this laſt Equation being divided by 193257 (9) 
the Co- efficient of ee, it will then become 


500000020242-6e- I 56(5)cee=,0000000000000008 5 58968 =D 


5 


Oumſeguenty, 1 D + 156 (5) zee . FEY 
20000002024—0 
% ES ß Los ufo ; 
40000002024) ,0000000000000008 558968 (,000000004 = 
— E eee eee eee eee Mas = 156 (5) eee 


— * — — 


ü 0 


1 Di. „ ooo¹ο? ,0000000000000008 5689 52 (,000000004 327 


——— 


_ Di. ,0000001981 : REN, 
6489 
5943 
5 3465 | 
Pirſt r = 200000002 3962 
+ pos 9900084 J27 0 Se. | 
1 FE g. == - ,000000024 327 == 6 Or rather new r for a — and 
Operation. 


Moto, if this firſt Value of a = ,000000c24.327 were not continu- 
1 to more Places of Figures by a ſecond Operation, but only multiply d 
into the Number of Chords, viz. 4000000c 24.327 x 258280320 
6, 8318539, &c. the Periphery of that Circle whoſe Diameter is 
2 nearer thau either Archimedes, or Mcotius's Proportion : For 


Ar- 
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Archimedes makes it 6,28 5714 &c. viz, As 7 10 22. And Mce- | 


tius makes it 6, 28318584 &c. viz. As 113 10 355. 


But if the whole Æquation before propos'd be now taken, and 5 
we proceed to a ſecond Operation, the Value of a may be encreas'd 
with twelve Places of Figures more, and thols _ be obtain'd by | 


S plain Diviſion only. 


T had, let r＋ e a, as beſore, and let all the P of e be 


now — as inſignificant ; 3 


| q r +eie=s- | 79 8 
11 Ye 43 it + IIT o = att 
| Then will 75 + 57e = as (® nd Pl ty e't- 
\ = 77 + 71% = Cys + Irie = ats 


The 2 Powers f gd] ,000000024 327 being rais'd, and 


| multiply'd into their reſpective 9 will 8 theſe fol- 
| lowing Numbers. © 


12 


8 1040 19758 1767 5 4304672167 ; 
— ,04.7849196598 394865 — Ea Ea _ 
＋ ,000655900484595355 + 1348100} 
— ,00000428144041 3375 — 12322 


+ ,000000016302517806 v3 „ * * 
„ooo 0040631167 ' oe 

3 „oo0OO0οοοοοοοο ? 388 - oe 
ʒoooooooooOOOOOO00 9 3z—— Nee 


Viz. 1,000000026474745106 J 37279554. =I 
| Hence 37279554 = —,000000026474745106 D Or 
| father — 372795540 = 4000000026474745106 = 


Conſequently, | 8 py 


' Operation. | | 
37279554) 3 5 06 61 97 1016796 = = — 
| 8 . 
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Ka 
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Figures will hold true to the Cirele's Periphery : 


1 2163799049180 65 = — 
B 


the Radius BC=1 as bee Then 
Will the * DOBC—-OBx=Cs= 


the Side of the Circumſcribing Polygon. 
Then will a x 258280326 be the Pe- 
rimeter of the Inſerib'd Polygon. And 
Da x 258280 326 will be the Perimeter of the Circumſeriting pi. 


* 


Laſt r= ,000000024.327 | 
— e = : »0000000000000007 10167967 


7 — e = = ,000000024326999289832033 = = 4 | the Chord ot 


- Side of the Polygon required. 


The next Work will be to examine how _ Places of theſe 

n order to that, 
let a be repreſented by the CHherd B b, in the annexed Scheme ; : 
and let Bx xb. Then will Bx = : - 


29999999999999993> Kc. 
CA: A 


ut 1 K B:: 


a Co:lbi: Ct: 1D Veer Fig 
Ergo Dd = (.7)243269992898320354 1 


lygon. That is, 6,2831785 53071795859 = the Perimeter of the 
Inſcrib'd Polygon. And, 6, 28318 5307 795865 == the Perimeter | 


af the Circumſcrib d Polygon. 


Hence tis evident; that * Girde $ Puridbery, whoſe Diameter 


is 2, may be concluded, 6,2831853071795864 true, becauſe the 


Perimaters of the inſcrid'd and circumſcrib'd Polygons are ſo far 


very near being Co- incident, or the ſame. 


Tis poſſible there may be ſome who will think this i is tedious 
and troubleſome Work; but if thoſe pleaſe. to conſider, that, if 


this Peripber y were to be found by the aforeſaid Method of e 
11 would require theſe following Extrackiom. 


-N i dn 1 ＋ 2 2+v/ 2 

| +v2+vntnty2+y/2+/2+/:2+/2 

Eo 

eee 2 multi- 
phy d into 40250999 4. 


Here the firſt Root (viz. Fr 3) muſt be extraed at ſeaſ to 
one hundred and twa Places of Figures, The ſecond Root 
| (vin. 


21 to tO 


2 I © 


2 it, &c, every Extraction being allow 
fo the laſt Root (viz. the Chord ſought ) may conſiſt of 24 Places of 


| Ti ures, as above. 


Spire ee een — — — — PEE — | - 2 — 
Chap. 6. Of the Circle's Periphery, &c. 355 
(viz. 2+ y 3) muſt have 99 Places of Figures in it. The 


third Root 152 4 2+y:2+ y 3) muſt have 96 Places in 
to decreaſe three Places, that 


ſay, whoever duly conſiders the Trouble of theſe ſo often re- 
peated Extrattions will, I preſume, be pleaſed with what I have 
done, For truly, when I conſider the great Time and Care re- 


quired i in them, I cannot but admire at the Patience of the labo- 


rious Van Culen, who proceeded that Way until he had found 
the Circles Periphery to Thirty-ſix Places of Figures, to wit, 


6,283185307179586470925286766559005760. Theſe Numbers 


are ſaid to be engraven upon his Tomb Stone in St. Peter's Courch i in 


Leyden, for a Memorial of ſo great a Work. 


Having thus obtain'd the Cirete's Waris, its Area may eaſily | 


be found (to the ſame Number of Figures by Problem 6. That is, 


if Half the Periphery of any Circle be multiply'd into Half its Dia- 
. the Product will be that Circles Area, as will appear farther 
Therefore 3, 14159265 356979 5 will be che Area of the Wye ” 


as whols Diameter 1 is 2, 


Thus I have ſhew'd the young Geometer how to find the Cirde's | 


Periphery and Area to what Exactneſs he pleaſes to approach; for 


preciſely true it cannot be found, notwithſtanding the Pretenſions 
of a certain Frenchman, who-hath publiſh'd to the World (in the 
Works of the Learned) that after twenty-five Years Stud) he had 
found the Duadrature of the Circle: Bat if he had red tha 
83d Chapter of Dr. I allis's Algebra, he might there have ſeen his 
Error, viz. the Impoſſibility of what he pretended to; for it is as 

impoſſible to ſquare the Circle (that is, to find its true n * as it 
is to find the Root of a Surd Number. 


"Ms What I have here propos d and done by the TriſeAion of 
an Arch, may as eaſily and much more ſpeedily be perform'd by 
QuinquiſeQion or Septiſection, Sc. But becaule the Scheme for 
Triſection is more fimple, and may be eafier underſtood by a 
Learner than thoſe of the other Sections (of which ſee my Com- 
pendium of Algebra, Pages 76 and 79) 1 Borg for that Reaſon = 
made Choice of TriſeQion, | 


As to the Pr oportion of one Circle to another, and of the Circle | 
to the Ellipfis, &c. thoſe ſhall be _ ſhew'd when we come to 


"x 2 Before 


the fifth Part. 


1 


3 —U << 
B th. i. Dion 


3; 356 ad Clements of Geometry. Fart II. 
— I condude this Part, I ſhall make ſome T4 or Application 


of the above-found Periphery, in finding the Quantity of Angles, 


which is done by the Help of Right. lines, call'd Sines and T angents, 
the Length whereof are calculated to every Degree and Minute of 
a Quadrant, by much Labour. But I ſhall, here ſhew how to find 
the natural Sine (and conſequently the natural Tangent) of any pro- 
pos'd Arch or Angle, by two Æguations, without the Help of any 
precedent Sine, as uſual ; which I communicated to the ingenious 
Mr. Foſeph Ralphſon, and he ſo well approv'd of them as to make 
them the 20th and 21ſt Problems in the ſecond Edition of his 
Analyſis Zquationum Univer ſalis. 
And becauſe, in finding the Quantity of Angles, every circle is 
| ſuppos'd to be divided into 360 equal Parts, called Degrees; every 
Degree is ſubdivided into bo Parts, call'd Minutes ; and every * 1 
nute into 60 Seconds, &c. (See Page 294.) 


Therefore 360) 6,2831853 &c. (0,01 745 32925 Kc. is an 
Arch of the above-found Periphery, equal to the Arch of one Degree. 


And 60) 0,0174532925 &c. (0,0002908852 &c. = the 
Arch of one Minute. 
- Then if the given Arch (or Angle ) be leſs than 45 IR re- 
duce it into Minutes, and multiply thoſe Minutes into this conſtant 
Multiplicator, viz. 0,0002908882 calling the Product p. And for 
the Sine ſought puta. Then it will be — aaaa + 12paaa—195 

4 — 3oppas ＋ 240pe = 45þþ- 


E xample. 


Let it be required to find the Sine of 199 *'13J = 11 57. Here 
0000 908002 * 11532 835898094 = = p. And — 4 + 
402472963 — 199,0490611aa + W = 5,00201 394. 
|  Letr +e=a | 
rr + 2re + ee = a | 
Then 165 ＋ Zrre + ee = a 
rrrr + 4rrre + brree = a e 
Note, In this Caſe the firft r may always be taken equal to the firſt. 
Figure in the Product = p. Viz. here r = 0,3 which being involved 
as its Powers direct, and thoſe Powers multiply'd into the reſpectiue 
Co-efficients of the Equation ; j it will be 
6 + 2441483 + 80, e 
— 15.9035 — 119-436 — 199,05ee 
＋ o, 1086 þ 1,088 + 3,62ee 


( = 506201 394 
Bk _0,0081 — | —11.— 0,544 8 


- 
ten. — 


Tis. 6,3344 — 37> 97e — 195, 70 =5,06201 | 
Hence 


d. . Of the Circle's Periphery, 8&c. 337 
Hence 3, 97e + 195,76 = 1,27239 oh 


And 0,123? + = = = '0,000492 = =D 7 

; Theozem S , ach 

0 Operation. 00 de (0,029 = ='4 2 

d C 4029... 42... - 1 
PPP 


2. Diviſer 222 1928 
F irſt T = 0,3 : 
| 2 4 "II 


rj 2 - 0,329 = r for a ſecond Operation. F 
Which being #nvolv'd and WEIS &c. as MS, will pro- 
| duce theſe Numbers. 


; 4 26,4827 1781 + $0,49458e 5 . 
E — 21,54532894 — 130, 97454 — 199,0496re 
= + 0,14332578 . 1,30692e + 3,9724% 
} — 0011710410, — . 0.142447 — _ 00494 


75 5,06899854 — 4931558 — - 195,7266ee = — 865707395 


Hence 49, 31 5592 ＋ 195, 1 a = 0069846 "which being 


divided by 196, 7266 the C9-2fficrent of ee, will become „251966 


; | + ee = = 20000356854 = =D 


5 0+ 
Y Operation. 0, 25196) ,0000356854 (0,000141 5 = = 
5 + e = ©0,00014 2520 
. Diver 220 14854 
2. Diviſer o, 25210 20840 
j e 40140 
RO 25210 
Laſt 728329 > 0s 
"et = 0,000 241 $ . 


T 4 e=a= 9,3291415 being a natural Sine of 199 17 * 


| 4s was required. 
1 5 you may find the Right Sine of any treb or Angle Ie than 
[45 D egrees, 
But, 
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ar — — —— — — — 1 * 2 
- — Sm — * A 
5 - 


e — yt ene un cnn r RU n — 
— RO — * — 


— 


— 
* 


Ip . 
FER . 


K — 1 — — = 
. ' * n =p pp Fo > Pat 6s. 


Swat cv, 
ur 


3 
—2—V — En IO 


r a OTE. ; - „ — 
J 2 £ af n —— — 22 F oe pe ing 
1 IG. „ — * 


_— 1 _ 


_ 3 
— 
: wo 
_—_— * 


258. ; " Elements Jof Geometry, = we It}, 


But, if the given Arch be greater than 45 Dates, you = 
take its Complement to 909, viz. ſubtract it from 90 Degrees 
and reduce the Remainder into Minutes, as before. Then multiply 
the Square of theſe Minutes, into this conſtant. Multipla, 


o, ooooOOO0846 16 calling their Product p, and putting 4 = the 


Sine ſought, as before. Then will a+ + 2843 3. 19 540.4 5 pas 
2 — and rag 


Dramphs - 


Suppoſe i it were tain to find the Sine of 7 * 32. or (which 
is the ſame Thing) to find the Co-/ine of 14% 28' . = 868", whole 
| Square 753424 * 0,000000084616 = 0,00375172 518 =þ. 


Hence the Aquation in Numbers will be agaa + A 55 10% 


einn 1148144 —= 190,836 1 102 588. 


Lare 5 And r = 
rr + 2re = ee = aa 

Then, rrr — 3rre + 3ree = aaa 
Terr. — 4rrre & 6rree aa 


** Note, 7 here tale r = 1 1 Gi the archi 16 „ near to 909. and 
therefore 1 make it e 24. 


e eas eie ne | 
mw. | + 97.2056 — 394,50 o+ 197 29ee 
Then + 28,0000 — 84,00 84,005. | 
* 1,0000 — 4,008 +. 6,00e0 - 


2 205/1808 — 461 48 + 287,290 = 190,836. 
Hence 461,486 — 287, 296 = 14, 3447 
And 1,60be— ee * * 


Theozem 4- — e 


: Operation. I 606) 049030 (0,031 = =7#: 


— e = 0,031 471 


1. Diviſor 1,57 2830 5 | "Firſt r= 1,000 
2. Diviſor 57 . e = 0,031 
* 4 DB us == 


or r for a Ene Operation; Which, being involu'd as before, will 
_ Produce theſe following Numbers, 
— 20 


nd. ID ww 77a ww a” * RS 4q 


| Viz. 191,149651515 — 44375515 + 284, 5248.5 


Lat = 1 


4 ;—e=a=o,g682932 the Sine of 75 32' . as Was required. 


. CD. Then BAis the Co ſine, and 
D the Tangent of the ſame Arch. 
But BA: 21 BD: FD, &c. 
{ Now by this Proportion there is re- 
| guired to be given both the Sine and 
Co. fine of the Arch, to find the Tan- 
| gent, Tis true, if the Radius, and 


| Chap. 6. Of the - Tireles periphery Sc. _359 


n 


— 


— 20,4602 54766 ＋ 21 114810 | 
+ 185,252368710 — 382,3578ge + 1 7,2951 
«+ 25,4758898 52 — 78,8727 + B1,59boee 
+ 0881647759 — 3:63941e ＋ 56337 


8 


= 100, 830110259 


4 Hence it will be 443,755 156 — — 284,5248ee _ 0313541256 


And r = ,0011019921 = D 


Then — boi 2e 
1555963 1 
5 Operation. 8 3 (050007068 = Se 
| —#2 = 0,000790 109123 
1. Diviſor 1.5589 14075210 
2. Diviſer 755893 : | 935358 
| Bm EY 1398520 


1247144 &c, 


— = - 0,0007068 _ 


A_ — 


* 


Having found the Sine _ Co 2 of any drch, the Tangent is 


; ulugly found by this Fannie; 
2 Vis. 4 As the Co-ſine of any Arch: is to the Sine of that Arch: foi * 


the Radius: to the Tangent F the yur Arch, 


For ſuppoſing B C = BD Radius, A C = = the Sine of the Arch. 


either the Sine or the Co-/ine be given, 


the e other may be found, thus, 0 N =] GA = BA. Or 


7 4A. But, if either the Sine or Co- 4 ne be given, 
the Tangent may (L preſume) be more eaſily found by the following 

beerems. 
3 | Let 


re 
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let BCI. C=. BA=xand PD=T. Then, if 


& be given, T may be found by this 
LS 5 | 
Or if K be given, 7 may be found by this 


- 
o 


” KK + 


Theozem * r 
oY | os * IAK 3 4 | 

Let the Sine of 19. 13. (Before found) be given viz o, 320141 5 

= 5, to find T the Tangent of the ſame Arch. F ir Oz 329141 5 * 


33291415 = 0, 108334127 = $88. Again 1 — 0, 108334127 
o, 891665873 = 1 — 88. Then o, 891665873) o, 10833412) 


(o, 1214963253 and / o, 1214963253 = , 348 5632 F, the 
Tangent of 190 13. As was required. And ſo you may proceed 


to find T = the Tangent, when x = the Co-ſine is given. 


In the Supplement annexed to this Work, you have the De- 


monſtration of the Proportions from whence the foregoing Æqua- 


tions for making the natural Sines were produced; as alfo their 
e in computing the Sides and Angles of plane Triangles. + 
In the mean Time, what is here done may ſuffice to ſhew, that 


the making of Sines by ſuch a laborious and operoſe Way, as was 


formerly uſed, is in a great Meaſure overcome; which, I think, 


I may juſtly claim as my own, _ 
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INTRODUCTION 


| Mathematicks. 


| x 1 a N * — 2 F _— a 8 — 


Definitions of a Cone, and its Sections. 


HERE are ſeveral Definitions given of a Cane: The 
Learned Dr. Barrow, upon Euclid, hath it thus: 
HA Cone (ſaith he) is a Figure made when one Side of 
| ©* a ReQangled Triangle, (viz. one of thoſe Sides that contain the 
“Right Angle) remaining fix'd, the Triangle is turn'd round 
« about, *till it return to the Place from whence it firſt mov'd : 
And if the fix'd Right Line be equal to the other which con- 
| © taineth the Right Angle, then the Cone is a ReQtangled Cone; 
| © but if it be leſs, tis an Obtuſe-angled Cone; if greater, an 
'* Acute-angled Cone. The Axis of a Cone is that fix'd Line 
e about which the Triangle is mov'd : The Baſe of a Cone is the 
Circle, which is deſcrib'd by the Right Line mov'd about.“ 
(Defin. 18, 19, 20. Euclid. 11.) 1 | 
E. 8 Moor, in his Treatiſe of Conical Sections (taken out of 
the Works of Mydorgtus ) defines it thus: 8 
If a Line of ſuch a Length as fhall be needful ſhall, upon a 
| © Point fix'd above the Plane of a Circle, ſo move about the Cit- 
cle, until it return to the Point from whence the Motion be- 
„gan, the Superficies that is made by ſuch a Line is call'd a Co- 
* nical 8uperficies; and the ſolid Figure contain'd within that Sus 
* perficies and the Circle is call'd a Cone, The Point remaining 
till is the Vertex of the Cone, G.“ 5 
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ter) of what Bigneſs you pleaſe, be cut into ta, three, or more 


roll'd up, as that the Radii may exactly meet each other, it will 


—— a wg 23> ab 16 * — 
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up as thatthe" Rauii VH and / 7 
may juſt meet each other in all their / 
Parts, it will form a Cone, and the 


 call'd the VERTEX of the Cne, 
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Part IV. 
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— —— _ 


Altho' both theſe Definitions are equally true, and, with a lit- 
tle Conſideration, may be pretty eaſily underſtood ; yet I ſhall here 
propoſe one very different fiom either of them; and, as I preſume, 
more plain and intelligible, eſpecially to a Learner. _ 2 

* a Circle deſcrib'd upon ſtiff Paper (or any other pliable Mat. 


Sectors, either equal or unequal, and one of thoſe Sectors be ſo 

from a Conical Super fictes. 
That is, if the Seer HV G be 

cut out of the Ciccle, and ſo rolpd* 


Center V will become a Solid Point, 


the Nadius VH, being eveiy where 2 
equal, will be the Side of the Cone; 
and the Arch HG will! become 

2 Circle, whoſe Area is call'd the 
)J nin oat. 

A Right Line being ſuppos'd to paſs 

from the Vertex, or Point V, to the Cen- 
ter of the Cone's Baje, as at C, that Line 
(viz. / C) will be the AXIS, or perpen- 
dicular Height of the Cone. * 

If a Solid be exactly made in ſuch a 
Form, it will be a compleat or, perfect 
Core; which I ſhall all- along call a Right 
Cone, becauſe its Axis VC ſtands at Right 

Angles with the Plane of its Baſe HG, 
and its Sides are every where equal. 


Any Cone, whoſe Axis is not at Right Angles 
with the Plane of its Baſe, may be properly 
call'd an imperfect Cone, becauſe its Sides are 
not every where equal (as in the annexed Fi- 
gure.) Now, ſuch an imperfect Cone is uſual- 
ly call'd a Scalene, or Oblique Cone. | 2 
Any ſolid Cone may be cut by Planes (which I. Shall all-aton; 
hereafter call Right. Lines) into five Sections. N 
Ys 5529 TT Hell. 


hy ®% NV}, pw 


* 


* 


$f. 


ft, 


ing Sections. 


and in the Cone's Baſe HA x GA = 


Chap. 1. Of Definitions. © 963 
i CEL CL 
If a Right Cone be cut directly thro' its Axis, the Plane or Su- 

perfictes of that Section will be a planę Jſoſceles Triangle, as RV 

Fig. 2. viz. the Sides (H and /) of the Cone will be the 

Sides of the Triangle, the Diameter (HC) of the Cone's Baſe 

will be the Baſe of the Triangle, and (VC) its Axis will be the 


V ppendicular Height of the Triangle. 


| Sect. 3; | | a. 
If a Right Cone be cut (any where) off by a Right-line paral- 
lel to its Baſe, as hg (it will be eaſy to conceive, that) the Plane 
of that Section will be a Circle, becauſe the Cone's baſe is ſuch : 
wherein one Thing ought to be clearly underſtood, which may be 
laid down as a Lemma, to demonſtrate the Properties of the follow- 
any two Right Lines, inſcrib'd within a Circle, do 
j cut or croſs each other (as hg doth h b in the annexed 
i Figure) the Rectangle made of the Segments of one 
Lemma. of "the Lines will be equal to 2 A of 

. | the Segments. of the other Line, (See Theorem 15. 

Page 315.) 7 (2H 


„ 


That is, . . 
And HA Xx GAS BAN ABT 

conſequently if ba = ab and if BA = 
AB then it will be Hag = U ba, 


BA. 


— 


If a Right Cone be (any where) cut off by a Right Line that cuts 


both its Sides, but not parallel to its Baſe (as TS in the following 


Figure) the Plane of that Section will be an Ellipſis (vulgarly call- 


d an Oval) viz. an oblong or imperfect Circle, which hath ſeve- 


ral Diameters, and two particular Centers. That is, # oP 
I. Any Right Line that divides an Elizpfis into tiss equal Parts 


is cald a Diameter; amongſt which the /on7e/? and thehorteft ate 


particularly diſtinguiſh'd ſrom the reſt, as being of molt general 
ſe ; che other are only applicable to particular Caſes, 
| Aa a2 2. The 
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that doth interſect or croſs the Tranſ- 


Middle or common Center of the El/ip- * 8 3 WL. 
fs (as Nu) and doth limit the Ellip- „ RT 
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2. The longeſt Diameter (as TS) V 
is call'd the Tranſverſe Diameter, or 

Tranſverſe Axis, being that Right Line 

which is drawn thro' the Middle of 
the Ellipſis, and doth ſhew or limit its 
Length. 


3. The ſhorteſt Diameter, calbd the : 3 
Conjugate Diameter, is a Right Line ; FS 
at 


29999 4699965 4826 
„%%% wo 
; 4 

4 


verſe Diameter at Right Angles, in the 


fis's Breadth. . 


4. The two Points, which I call particular Centers of an Ellp+ 
fs, (for a Reaſon which ſhall be ſhew'd farther on) are two Points in 


the Tranſverſe Diameter, at an equal Diſtance each Way from the 


Conjugate Diameter, and are uſually call'd Nodes, Foci, or 


burning Points. 


F. All Right Lines within the Ellipſis that are parallel to one 
another, and can be divided into two equal Parts, are call'd D1di: 
Rates with Reſpe to that Diameter which divides them: And 
if they are parallel to the Conjugate, viz. at Right Angles with the 
Tranſverſe Diameter, then they are call'd Ordinates rightly apply'd. 


And thoſe two that paſs through the Foct are remarkable above 


the reſt, which, being equal and ſituated alike, are call'd both by 


one Name, viz. Latus Rectum, or Right Parameter, by which 


all the other Ordinates are regulated and valued; as will appear 
farther on. | „ 
N Sea. 4. 


If any Cone be cut into two Parts by 2 Right-line parallel to 


one of its Sides (as S A in the following Scheme) the Plane of that 
| Section (viz, SBA BOS) is called a Parabola, = 


1. A Right Line being drawn thro' the Middle of any Parabo- 
ha (as S A) is call'd its Axis, or intercepted Diameter, | 


2. All Right Lines that interſe& or cut the Axis at Night- Angles 


(«6s BB aud bb are ſuppoſed to cut or croſs $A) are call'd Ordi- 


gates rightly apply d (as in the Ellipſis) and the greateſt Ordinate, as 
B, which limits the Length of the Parabola's Axis (S is u- 
ſually cail'd the Baſe of the Parabela. „FFF 

ö e 3. That 


13 That t Ordinate which paſſes thro” 5 
the Focus, or burning Point of the Pa- W © 
rabola, is call'd the Latus Rectum, or W 
Right Parameter (as in the Ellipſis] 
beat by it all the other Ordinates are 
proportioned, and may be found. | 
. The Node, Focus, or burning 
Print of the Parabola, is is a Point in its 
Axis, (but not a Center, as in the Ellip- 
n) diſtant from the Vertex, or Top of Ae . 
the Section, (viz. from $). jult 5 100 H Je 
of the Latus Rectum; 3 as ſhall be ſh 
farther on. 5 


5. All Right Lines drawn within a Parabola parallel to its data 
are call'd Diameters ; and every Right Line, that any of thoſe Dia- 


meters doth biſect or cut into two equal Parts, is ſaid to be an Or- 
dinate to the Diameter which * it. 


Sag. g. 


1. a Cone be any where cut by a Right Line, either parallel to 
its Axis, (as & 4, or atherwiſe as x N) ſo as the cutting Line be- 


ing continued thro' one Side of the 
Cone (as at S or x) will meet with 
the other Side of the Cone if it be con- 
tinued or produced beyond the Vertex 
V as at 7; then the Plane of that Sec- 
tion (viz. the Figure $6 BB b$S) is 
call'd an Hyperbola. 
1. A R:zht Line being drawn thro” 
| the Middle of any Hyperbola, viz. 
within the Section, (as SA, or x N) 
| 1s call'd the Axis or intercepted Dia- 
meter (as in the Parabola) and that Part 
of it which is continued or produced 
| Out of the Section, until it meet with Ale 
the other Side of the Cone continued, N x: <4 28 
viz, 78 or Tx, &c. is call'd the Tranſ- 
verſe Diameter, or Tranfoerſe Axis of the ere 5 
2. All Right Lines that are drawn within an yer bola, at 


Right Angles to its Axis, are call'd Ordinates rightly 70 4; as in 


the E lrpts and Parabola. 
3. That 
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3. That Ordinate which paſſes thro' the Focus of the Hyperbolg 
is call'd Latus Rectum, or Right Parameter, for the ſame Reaſon as 


in the other Sections. LPs 
4. The middle Point of the Tranſverſe Diameter is call'd the 
Center of the Hyperbola; from whence may be drawn two Right 
Lines (out of the Section) call'd Alymptotes, becauſe they will 
always incline (that is, come nearer and nearer ) to both Sides of the 
| Hyperbela, but never meet with (or touch) them, altho” both they 
and? the Sides of the Hyperbola were infinitely extended; as will 
plainly appear in its proper Place. CEE | X 
Theſe five Sections, viz. the Triangle, Circle, Ellipſis, Parabola, 
and Hyperbola, are all the Planes that can poſſibly be produced from 
a Cone; but of them, the three laſt are only called Conick Sections, 
both by the ancient and modern Geometers. 1 


Scholium. 


Beſides the foregoing Definitions, it may not be amiſs to add, by 
way of Obſervation, how one Section may (or rather doth) change 
or degenerate into another. JFF. 
- An Ellipſis being that Plane of any Section of the Cone which 
is between the Circle and Parabola, twill be eaſy to conceive that 
there may be great Variety of Ellipſes produced from the ſame 
Cone; and when the Section comes to be exactly parallel to one 
Side of the Cone, then doth the Ellipſis change or degenerate into 
a Parabola. Now a Parabola, being that Section whoſe Plane is 
always exactly parallel to the Side of the Cone, cannot vary, as the 
Ellipfis may; for ſo ſoon as ever it begins to move out of that Po- 
ſition, (viz. from being parallel to the Cone's Side) it degenerates ei- 
ther into an Ellipſis, or into an Hyperlola: That is, if the Section 
inclines towards the Plane of the Cone's Baſe, it becomes an Ellip- 
fis; but if it incline towards the Cone's Vertex, it becomes an 
 Hyperbola, which is the Plane of any Section that falls between the 
Parabola and the Triangle. And therefore there may be as many 
Varieties of Hyperbola's produced from one and the ſame Cone, as 
there, may be Fllipſes. i 
To be brief, a Circle may change into an Ellipfis, the Ellip/s 
into a Parabola, the Parab:la into an Hyperbola, and the Hyperbola 
into a plane Iſaſceles Triangle: And the Center of the Circle, which 
is its Focus or burning Point, doth, as it were, part or divide 


itſelf into two Foci fo ſoon as ever the Circle begins to de- 


generate into an Ellipſis; but when the Ellipſis changes into 
a Parabela, one End of it flies open, and one of its ect va- 
- „ | | niſhes, 


FFF „ e 


r 


— 


Chap. 2. Concerning the Ellipſis. 367 
niſhes, and the remaining Focus goes along with the Parabola when 
it degenerates into an Hyper bola: And when the Hyperbola degene- 
rates into a plane 1/oſceles Triangle, this Focus becomes the vertical 
Point of the Triangle (viz. the Vertex of the Cone); ſo that the 
Center of the Cone's Baſe may be truly ſaid to paſs gradually thro? 
all the Sections, until it arrives at the Vertex of the Cone, ſtill 
carrying its Latus Rectum along with it: For the Diameter of a 
Circle being that Right Line which paſſes thro' its Center or Focus, 
and by which all other Rigyt Lines drawn within the Circle are 
regulated and valued, may (I preſume) be properly called the Cir- 
cle's Latus Rectum And altho' it loſes the Name of Diameter 
when the Circle degenerates into an Ellipſis, yet it retains the 
Name of Latus Rectum, with its firſt Properties, in all the Secti- 
ons, gradually ſhortening as the Focus carries it along from one 
Section to another, until at laſt zz and the Focus become co - inci- 
dent, and terminate in the Vertex of the Cone. . 

l have been more particular and fuller in theſe Definitions than 
is uſual in Books of this Subject, which J hope is no Fault, but 
will prove of Uſe, eſpecially to a Learner : And altho' they may 
perhaps ſeem a little ſtrange, and at firſt hard to be underſtood, 
yet, when they are well conſider'd, and compar'd with a Cone 
cut into ſuch Sections as have been defined, they will not only be 
found true, but will. alſo help to form a true and clear Idea of 
each Section. | 5 e 


CHAP. . 


Concerning the Chief Properties of an Ellipſis. 
N OTE, If the tranſverſe Diameter of an Ellipfis, as 7 & in the I 
Following Figure, be interſected or divided into any two Parts b- 
ly an Ordinate rightly apply'd, as at the Points A, C, a, SC. then — 
are thiſe Parts TA, 70, Ta, and $A, S C, Sa, &c. uſually called — 
Abſciſſæ (which fienifies Lines or Parts cut off ) and by the Rectan- £ 
| gle of any two Abſciſſæ is meant the Rectangle of ſuch two Parts as, 
being added together, will be equal to the Tranſverſe Diameter. | 


4 77484 Ts. AndTC+SC=TS. 
- Or TA SA T, &c. bi 
| n dection 
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Section 1. 


Ber Ellipfs i is proportion'd, and all ſuch Lins as relate to i 
are . by the Help of one general Theorem, 


A,. the Rectangle of any two Abſciſſe : is t the Square 
J of Half the Ordinate which divides them : : ſe is th | 

Theo zem. Rectangle of any other two Abſciſſæ: to the Square 
/ Hal - that Ordinate which divides them. = 


That i is, Lo 
CxS: - BA: Ya x $a: [ba „ 
TAxSA: BA:: TC * SC: UNC _ 4 

render Ta Xx Sa: O ba 


* „ 4 
- 1 E 8 , 1 2 N R. q YC Ee SIE nr ho * 
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Wemonſtration. 


Let the annexed Figure repreſent a Right Cone, cut thro' bot 
Sides by the Right Line 78; then ” 
will the Plane of that Section be an 
Ellipſis (by Sect. 3. Chap. 1.) TS 
will be the Tranſverſe Diameter, 
 NCN and bab will be Ordinates 
rightly apply'd ; as before. Again, 
if the "Lines Dad and XK & be parallel 
to the Cone's Baſe, they will be 
Diameters of Circles (by Se. 2. 
Chap. 1.) Then will ATC X and 
T aD be alike. Alſo, AS ad and 
ASC 4 will be alike. 


F 
TC: CK: Ta: Can per r Theoren £4 T 
Sax Ch=adxsSC e 
TaxCK=TCxaD ; 
Sa x Ck x Tax CK=ad*8CxTCxaD. Per Axiom 3 | 
4 5 per Lemma Set. 2. 
for CK x Ch, and aD x ad, take N C and U bs L 


Sa Xx Ta ONC= TCX SC x © ba Per Axiom 5. 
gjSaxTa: Q:: 70 * SC: O NC. See Page 194 


— 


* 


im 


0 

X 

> WO — 
S YWw Ou +> WU 0 5 


| 5: 6,7 


44 1n Q's 


; Therefore[7]} , 5c =O TC:O NC, as before. 


—— 
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Or, the Truth of theſe Proportions may be otherwiſe prov'd by 


a Circle, without the Help of the Cone, thus: Let any Ellipfes 


bde circumſcrib'd and inſcrib'd with Circles, as in the followin 


Figure 3 then from any Point in the circumſcrib'd Circle's Peri- 
phery, as at B, draw the Right Line Ba, parallel to the ſemi- 


4 conjugate Diameter NC, then will ba be a Semi- ordinate rightly 


apply'd to the tranſverſe Diameter T S, as before. Again, from 
the Point þ (in the Ellipfis's Periphery) draw the Right Line 2d 


parallel to the Tranſverſe T $; and draw the Radius BC. Then 


will ABC a and A Cf be alike. | 


* 8 — 


ine: :e 5 

Therefore N per Theorem 13. „ 2 
= TC=BC, NC=Cf E 
But 0 and b 


2 
Conſeq. 2 TC: Ba:: NC: b 
- OrdTC:NC::Ba:bea \ 
SQ TC:O NC:: o Ba:Qba - *. 
6 


But Ta X Sa — Ba ; % 
per Lem. See. 25 Ch. 1.5 e | I 
Ta X Sa: [3 ba: 8 1 tee. | 


And ſo for any other Abſciſſa and their Semi-ordinates. 
Theſe Proportions being found to be the true and common Pro- 


, perties of every Ellipſis, all that is farther requir'd in (or about) 
that Section may be eaſily deduced from them. . 


Seck. 2. To fnd be Latus Rectum, „ Right Para- 


meter /, any Elliꝑſis. 


; | There are ſeveral Ways of finding the Latus Rectum, but I | 
| think none fo eaſy, and ſhews it ſo plainly to be the Third prin- 
| Cipal Line in the Ellipfis, as the following. nn. 


As the Tranſverſe Diameter: is in Proportion 10 


Rectum. 


| Viz. (in the following Fig. ) TS AN:: Nu: L R che Ratus Rectum. 


Demonſtration. 


From the laſt Proportions take either of the Antecedents, and 


ts Conſequent, viz. either TCx SC: QNC, or Ta x $a: U ba, 
B b b 3 


and 
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and make 7 F the third Term, to which find a fourth Proponie 
nals and it will be = LR: 


# 


Thus] 11 TCxSC: NC::TS: LR 
ot” al TC=SC 
ut land NC = Cn 
Therefore 3 70 Xx SCS 
a N N 
Is 7 4 5 zOTS: iONsz::TS:LR 
G44 9 10 TSX LR = Nn x78 
6 x 4| 7|QTSx LR=.0 NnxTS 
Ts THAT Fricke ON 
# BY ITY which 2775 the following g Analogy 
wiz. | go TS: Nu: „ 
Again, 10 J TC X SC. 17 NVC: : Ta Xx S4: 52 
by common Properties. 
N 1178; LR: Ta x S4: 8a: Oba. 


From hence tis evident that I. R, thus found, is chat Drdfiat 
by which the other Ordinates may be regulated and found. There- 


fore (according to its Definition Sect. 3. Chap. I. ) it is the true 
| Latus Rectum, W E. D. 


8 


Hence it follows, that if the tranſverſe and conjugate Dia- 


meters of any Ellipſis are given (either in Lines or Numbers) the 
Latus Rectum may be eaſily found ; and then any Ordinate, whole 
Diſtance from the Conjugate | is given, may be found; as above. 


Set. 3. T 0 find the Focus of any Ellipfis. 


The Fecus is the Diſtance of the Latus Rectum from the Con- 
jugate or Middle of the Ellip/is (vide Definition 4, Page 364.) and 
that Diſtance is always a Mean Proportional between the half Sum 


and half Difference of the tranſverſe and wachen Diameters, 
which gives this Theorem, | 


¶ From the Square of balf the Tuner fubtra 
Theo? em the Square of half the Conjugate, the ſquare Rot if 
onetime | their Difference will be the Diſtance of each Focus 

C from the Middle or common Center of the Ellipſis. 
That is, ſuppoſing the Points f and F to be the two For, 
vis. CCH and 70 = ATS. NC = Nn, Then, 16 
NC: VFC: : FC: TC NC. Ergo g FC = UTC 


G NC. Conſequentty, FC N QO7C— Q XC 


Pemon⸗ 


ou —_ FRO 


Concerning the Ellipſis. 


Chap. 2. 


F iſt, 
And 
That is, 


4-LR 
To 4 
57 © 
7, ＋ 


— 


8 2 


—ů 88 


ny 


Now 45 hence is deduced that notable Propeltion,m upon which | 
is grounded the uſual Method of deſcribing an Ellipſi fs and drawing 2 
1 of Tangents, &c. 


2 


q Viz. {Nx NF=TS. fL4- LF = TS. Or [B+ BF=TS, &c. 


1 


2 : 


FOCFx ONC—=OTC 


Demonſtration, . 


TS x LR Nn, by 8 Step of the laſt Proceſs. 
TS:AR::TFXSP: 0 LF, common Properties: 


TS:LR::TCH CFT UF. +DAR=EQLF 
10 LRxTS= 


FUF LR 
LR TS UTC CF 
27 LRC NUN T 
NCS TCO CF; 
CFR O7C—ONC 


CF vo TC N 


If from the two Foci of any Ellipſis there be 
drawn two Right Lines, /o as to meet each other 

in any Point of the Ellipſis's Periphery, the Sum 
af thoſe Lines will be equal tothe Tranſverſe Axis. 


Demonfration, 


by 8th of the laſt, 
j CF. NC=ONF 
by Theorem 11. | 
1 ONF=g0TC: 
by Axiom $5, 
„„ 5 
2 NFS 270 Ts | 5 
T8: LR :: TFx FS: LF, by common n Properties 
1 LR: TFN FS: 0 LF 
© T$-= TC. And LR = LF 


TC: LF: : JC TCF . EY 
T* LF= 9 TC—OCcF 
OfF+oOLfF=nfL, E 
4O0CF+ oOLF= VL. for 20 F 
40 TC—-40CF=4TCxLF. 
48 TC T ULF TCL 5 OfL 
8875 Sera peep L 
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144LF | i5|2TC=fL + LF. But2TC=TS. 
Ergo TS=fL+LF. E. D. 
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And this Propoſition muſt needs hold true to every Point in the 


Ellipſis's Periphery, viz. at B, &c. As will evidently appear to 
any one who rightly conſiders, That, as a Thread, juſt the Length 
of the Diameter of any Circle, having its two Ends ty'd together, 
and then mov'd about a Point in the Center (viz. by making it a 


double Radius) will, by drawing another Point in its Extremity, de- 


ſcribe the Periphery of a Circle ; [vide Definition Page 280. ] even 


ſo, if a Thread juſt the Length of the tranſverſe Diameter (78) 
having its two Ends ſo fix d upon the two Foci (F and J that it 
may be mov'd about them, by drawing a Point in its Extremity 
83550 at its full Stretch) it will deſcribe the true Periphery of an 

. altho* this eaſy Way of deſcribing, or, as uſually phras'd, 
drawing an Ellipfis, be mechanical, and known even to moſt 
Joiners, Carpenters, &c. yet it gives as compleat and clear an Idea 
of that Figure as any other Way whatſoever; and by deſeribing 
it thus about its two Fez, as a Circle is about its Center, doth plain- 


ly ſhew that thoſe two Points are not improperly call'd particular 


Centers in Definition 4, Sect 3, Chap. 1; for each of them bears 
much the ſame Reſpect to the Ell:p/is's Periphery, as the Circle's 
Center doth to its Periphery. 5 


Sect. 4. To deſcribe or delineate an Ellipſis ſeveral Mays. 


ba There are ſeveral (other) Ways of deſcribing an Ellipſis, both 
_ Geometrically and Numerically, according to peculiar Occaſions, 


but I ſhall only mention two or three of them, leaving the reſt to 


the Learner's Genius, Now, in order to that Work, it will be 


convenient to conſider what Lines are requiſite to limit or bound 


its Form, which I take to be chiefly theſe following. 


1. If the Tranſverſe and Conjugate are given, the Ellipſis is 
perfectly limited; (vide Conſectary Page 363.) for if TS and N 
be ſet at Right Angles in their Middle at C, and 7 C or C'S be itt 
off from N, or n, both Ways upon the Tranſverſe to F and F, (viz. 
make N C= N then will thoſe Points Fand F be the 
two Foc (by 4th Step of the laſt Proceſs) and then the Ellipſis may 
be deſcrib'd as above, — ͤ — — 


; 3 2. If 


* 8 ; * 


— —_—_— 
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2. If the Tranſverſe Diameter and Latus Rectum are given, the 
Ellipſis is truly limited, becauſe by them the Conjugate may be 
found, by Sect, 2. 5 

3. Or if only the Tranſverſe, and the Proportion it hath either 
to the Conjugate or Latus Rectum, be given, the Ellipſis is thereby 
limited. As for Inſtance; ſuppoſe the given Ratio between the 
Tranſverſe and Conjugate to be, as a: tod: 1 
Viz. 4: d:: 718: Nun, then — —— Nu, &c. 

4. If either the Tranſverſe or Conjugate, and the Diſtance of 
the Focus from the Conjugate be "Na the Ellip/is is limited, be- 
= cauſe by them the Conjugate or Tranſverſe may be found. . 

Theſe being premis'd, and the precedent Worb a little conſider'd, 
it muſt be eaſy to deſcribe or delineate any Ellipſis in Plano, either 
Geometrically or Numerically, T 1 


1. To deſcribe an Ellipſis Numerically, by Points. TE 
Suppoſe the Tranſverſe Diameter T $ = 20, and the Conjugate 
N#= 12,:{ —— 8 mM: 
other equal Parts) and let them — 75 4, 
croſs each other at Right Angles in : 
their. Middles, as in the Point C; 
then will TC = CS = 10, and 
NC = Cn = 6 and it will be 
204-1277 14. 3.74 2 -2= the: £0r 
& tus Rectum. 


d 1 22 1 J RO : F R 
” A R RR CFO INE; - NF LOR n 4 8 A 
, bats ao bales ae 8 RR C 5 e 
* SL 4 REIN . 2. N * c * * * ** , * , 


Again 20: 7, 2. Or rather take their Ratio. 


CTTTCCTCC I 1 
Tm: 255 — 1 


3 1 100 2:3 JO +2.» IO—2 : Qs. || 2+ 
| _<1:0,36::10+3x10—3: 04d. | 3. &c. 
1 2 014.1.Hencey/99x0,30=5,97 &c. = a. 1 
iz. 


100-4 X0,30=[3b.2. 4/ 960x0.25=5,88 &c. = b. 2 
- 100—9X0,36=[14.3 y/91x0,z30=5,728&. d. 3 


lf ſo many Semi-ordinates as may be thought convenient (the more 
| the better) be found in this Manner, and every one of them be (et 
off at Right Angles from its reſpective Point in the Tranſverſe Di- 
aqneter each Way, viz. from 1 to a, from 2 to b, from 3 to d, &c. 
{ Then if a Curve Line be carefully drawn with an even Hand thro" 
| | thoſe extream Points a, b, d, &c. it will be the Ellipſiss Periphery 
aura. N Ho 


2. To 


2 
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e -/cribe an Ellipſis Geometrically by Points. 
Having the Tranſverſe and Conjugate Diameters given, wz. 79 


and Nu, placed at Right Angles in their Middles, as before: Then 
from either End of the Conjugate, viz, N (or „) ſet off half the 


1119969974644 
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» 
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* 
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Tranſverſe Diameter to x. That 
is, make Nx = T C (continuing 
the Conjugate Nn when it is ſhor- 
ter than T C) Or, which is all one, 
make Cx = TC — NC. Then 
take any Point in the Line Cx at 
Pleaſure; ſuppoſe it at &, and from 
that Point at G ſet off the Diſtance | 
Cx to the Tranſverſe (as at E) viz. 


make GE — Cx, and join the Points G E with a Right Line, 


produced ſo far beyond E as to make EB = NC. — Lonſequent- 
ly EBS TO. 


Then, I ſay, r the Point G was taken between 
and x, the Point B will juſt touch ( or fall in) the Ellipfs's 


Periphery. 


Wemonſtration. : 
Draw the Right Line BA perpendicular to T'S, vis. let BY 


be a Semi-ordinate rightly apply'd to the tranſverſe Diameter T8; 


then A CCE and A 5 A E will be alike, 

Conſequently] 1 11CE: AE :: EG: EB, by Theorem 1 
13 An 2 CAA: AE :  EG+EB: EB. See þ. 192. 
But] 3 CEAE = CA. EG+EB= TC. AndEB = NMC 


Part IV. 


Therefore 
6, in D's 


5 I 


But 
That is 


6,7] 8 


8 X & 


1 
5 
6 


CA: AE :: TC: NC 
7 C4: og AE : 11 YE * o N 


DCA X H NO 
W 


N- A AE 


DEB — U AB = O AE 


C N NC 
ITC == ONC—n 4B 


10 DNC 


A CAx NC NCH 7 AB arc 
W—D0Cax N= AB Xx UC 


10, Analogy 
That is, 


IT OTC: O NC: :O TC— o Ca: on AB 
12 'TCXCS: o NC::TCFCAx TC—CH: e 4B 


7 is according to the common Properties of the Ellip/is : 


nerefore the Point B is truly ſound, 


3 


Hence 


* 
* , . 0 
c 9 ras 2 A FFP 1 

* : _ 9 * 2 een 9 n N 2 2 — 4 - x . 
1 n 5 9 2 E000 c V/ ˙Amm. ²ů ON ENS . : 8 
8 ho 5 3 82 LY EO ET 0 FO F 8 e N S Ont I» 8 Se: : De ' N 
n Nn N 4 r 723 . ” 9 * +> : 8 Ms ? 8 o oo Ab < . > A — , - 

* * 2 9 * r 110 <4 BS - 28 = A Sons A TS rn tor fu 4 HIER RIS. L i * : . 2 15 . « N A RS. 

1 4 4 f ; g x * Oe PA 3 1 — ee N * at 9 8 22 HI 5 "RT; -- _ Ry rn 8 * 


OEM” 
N 


bf I 


T5Y 


282 


JS EEE Er O A: ð ⁵ fn. ĩͤ Foto e * «2 - 5 *& : 4 
* ” . — N . 2 x" Fes 5 e So : % 1 
— en ee A "Ss Pa 5.7 2 e „ « 7 4 . . ** 
323 8 IRA 5 ee 9 
2 FA 2 Rt LARS N > N * e 8 
Q 2 OR NS OR N * 
0 * 5 . * 


Chap. 2. | Concerning the Ellipſis. 


' Hence it follows, that if a convenient Number of ſuch Lines 


s 88 LINDE _ 


LIT MN WFLEFL-EPY 133 


- 
IOW" AVER — 


— * 


— 


as & EB be fo drawn (as above directed) from the like Number of 
Points taken between C and x, &c. their extream Points (as at 
B) will be thoſe Points by which (with an even Hand) the Ellipſis 
may be truly deſcrib'd; as before, _ SY 

But, if this be well underſtood, it will be very eaſy to conceive 


how to deſcribe an Ellipſis very readily, without drawing thoſs 


Lines, by having a thin, ftreight, narrow Ruler juſt the Length | 
of TG, made ſomewhat ſharp at both Ends, upon which, from 
one of its Ends, ſet off the Length of NC. Then, if the Point 


upon the Ruler which repreſents E be gradually or eaſily moved a- 


long the Tranſverſe T'S, and at the ſame Time the Point or End 


repreſenting & be kept fliding cloſe along the Conjugate Nx, tis 
evident from the Work above, that the End of the Ruler repre- 


ſenting B will, by that Motion, aſſign the true Periphery of the 
Ellipſis requir'd ; for by that Motion the ſtreight Edge of the Ru- 
ler doth ſupply an infinite Number of the aforeſaid Lines ; as will 
appear very plain and eaſy in Practice,  -_ 


Scholium. 


Now from hence was deduced the firſt Invention of that well- 
contriv'd Inſirument for drawing an Ellipſis by one Motion, com- 
monly call'd the Elliptical Compaſſes, being uſually made of Braſs, 
and compos'd of three Parts, two of which repreſent (or rather 
ſupply) the tranſverſe and conjugate Diameters ſet together at Right 


BE Avzles; and the third Part is a moveable Ruler, which performs 


| the Office of the laſt-mention'd thin Ruler. This and all other 


Uh 


Mathematical Inſtruments are made, in the moſt accurate Manner, 
by John Bennet, in Crown-Court, near St. Ann's Church, Shs, 
Inſtrument-Maker to their Royal Highneſſes the Dukes of Glau- 
cefter and Cumberland. . 85 - 
Alſo from hence came that ingenious Invention of making Engines 
far turning all Sorts of elliptical or oval Work, as oval Boxes, 
Picture-Frames, Sc. EE os 


Sect. 
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r 


. other, as Hh and MA m, and biſect ge] AS 
thoſe Lines, viz. find the Middle * J 
Point of each, as at K and ?; < 1 
then thro? thoſe Points K and * 2 


Coch Sections Ry Iv. 
Ag 5. Any Ellipſis being given, to find its TranCverk 
FN and Conjugate Diameters. 


Sup poſe the given Ellipſis to be TN n tin ihe annexed 
Scheme) in which let it be required to find the tranſverſe Dia- 
meter 7 & and its Conjugate Nn. Draw within the Ellipſ. 5 any 
two Right Lines parallel to each oo 2 


draw a Right Line, as DA, and it H 
will be a Diameter; for it will 3 
divide the Ellipſis into two equal 


Parts, [See Defin. 1. Page 363. conſequently the Middle of D4 


will be the true Middle or common Center of the Ellipſis, as at 
2 


For 't tis the Nature or Property of all Diameters, howſurver they 
are drawn in any Ellipſis (as tis in a Circle) to cut or croſs one ano- 
ther in the common Center or Middle of the Figure; as at C. 
Upon the Point C defcribe an Arch of any Circle that will cut 
the Ellipſis s Periphery in two Points, as at B and b; then join 


thoſe Points Bb with a Right Line, and it will be an Ordinate, 


through whoſe Middle (as at a) and the common Center C, the 
tranſverſe Diameter 78 muſt paſs. For BS = Sb, and Ba is 


at Right Angles with 7 S; therefore the Line Bb is an Orainate 
tightly apply'd to 75, the tranfverſe Diameter. And if thro' the 


Point C there be drawn the Right Line Nu parallel to Bb, it will 
become the Conjugate 3 as was required. 


Se. 6. To draw a Tangent, or Right Line that may 


= ouch the Elligſis's 7 in any ffi 2 Point. 


The Drawing of Tangents to or ** any An 4 Point in the 
Ellipfis's Periphery, admits of three Caſes, 
Cafe 1. If it be requir'd to draw a Tangent that may touch the 


Ellipfis i in either of the extream Points of its tranſverſe Diameter, 


as at Tor S, it is plain the Tangent mult be drawn parallel to the 
conjugate Diameter Nu; ; as H in the following Figure is upp 


pos d to be. 


. Caſe 
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Caſe 2. Or, if the Tangent muſt be drawn to touch the Ele rs 
in either of the extream Points of its Conjugate Diameter, as at 
N or , tis as evident that it muſt be drawn parallel to the 

Tranſverſe Diameter TS, as K M. e if that Tan- 
gent and the Tranfverſz were 


both infinitely continu'd, they 
would never meet. 


Cafe 3 But if it be requir'd 
to draw a Tangent that may 
touch the Ellipſis in any other 
Point, as at B, &c. Then, if 
the Tangent and the Tranſverſe Diameter be both continu'd, they 
will meet in ſome Point, as at P; and thoſe two Points (viz, B 
and P) do ſo mutually depend upon each other, that one of them 
= muſt be affign'd in order to find the other, that fo the Tangent may 
by them be truly drawn. Let D=TS, y = AS, andz = 
4. Then, if y be given, z may be found by this 


158 C ³Ü¹i]] E 38 CC ” 
* DN p . . I 2 3 2 2 K {8.5 2 he * . 
VG AD 3 S = 3 S 85 . EIS ; 

n 3 N 2 * N 1 


4 Theorem (222 * Or, if z be given, 0 may be found by L 


b this mann E TE DAS =Yy 


Demonttration. 


I Draw the Semi-ordinate b a, as in the Figure; then will A BA 
and A baPbealike Put x = Aa the Diflance between the two 
EZ Semi-ordinates (viz, between B A and ba) which we ſuppole inde- 
. | finitely ſmall. 


Then 15 2 . BA: ba, by The Theorem 13. 

But] 2 PY: D—y +xxy3—*: : OBA: 2 5⁴ 

4 is, 3 Py—yy : Dy—yy+23x—Dx—xx:: BA: O 

In 's 4 zz — 22 * :: (7 . 

3 12 being infinitely leſs than x may be every 
where rejected. 
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But 
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5 
6! Dy—yp : Dy—3y tage Ds : L040 4 
2 7122: 22—2z1 :: OD BA: Oba + | 
L I 0, 7] 8 Dy—yy : 7 — : :: BY | 22 — 228 
88 9 2yzz — Dzz = 2yyz— 2 Dyz 
0% — 3 Dz = yy — Dy 
Il; Dz—yz = Dy—y 


ſe Cece. 11 = 
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1 _ Dy—y which is the Ist Theorem, and 
ER os hos 2 18. following Analogy. : gies 
Analogy | 19) 2 1 Dy: y:: D-: 3. Viz, CA: A:: TA: AP 
I O—yZ 14 — Dy — yz = — — 2 D 
14S DDD Dz+1zz=4DD +1zx 
15 u 160 — 42 9 — 4 z = D 1 
That is, 17 4 D+z « * * e 4 which is the 2d 
[2-4 i, 1 . E 


2 


The G ban der of theſe two Theorems is very 
Eaſy, as appears by the following Figure. 


"Is Suppoſe the Point B in the Elio ts ON Wa were given, and 
it were requir'd to find the Point P, &c. 

Make TC Radius, and upon the common Center C deſeribe 

| the Semi- circle Td S, and join the Points C and d with a Right 
Line; then biſect that Line (by Prob. 2, Pag. 287.) and mark 
the Point where the biſecting Line would croſs the Tranſverſe, as 
at e. Upon that Point e, With the Radius Ce (or Cd) deſcribe i 

another Semi- circle, producing the Tranſverſe Diameter to its Peri. 
3 and it will aſſign the Point PF. 


For if D= T5, y= AS, 2—= AP, . 


Ther BLK = j 
And z; De 2 —_ nda 
For | 3 TA: d : dl: SA 
And 1047 44 4 AP 
But e been ce 
eee 


* 2 at the 11th Step before. 


a 5 d 
Di 2 4 * * a L _—__ : Nn 
a PF * * * * i n 
Tei nn. th P FE REG: 4 EE pet DET WO RET SOS 8 2 * CY 9 11 
= r * . N N N 1 by - * . 4 2 - 2 N l — 2 N e 2 N 8 8 * 
1 — nne 4 e 
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Therefore the Point P is truly found. Conſequently, if a Right 
Line be drawn through thoſe Points B and P, it will be the Tow 
gent requir 'd, according to the firſt Theorem, 


2. The Converſe of this is as eaſy, to wit, if the Point P 
be given, thence to find the Point B in the Ellipſis Periphery. 
Thus, circumſcribe half the Ellipſis with the Semi- circle T d& 
as before; and biſe& the Diſtance between the Points C and P, 
as at e, viz. Let Ce De P. Then making Ce Radius, up- 
on the Point c, deſcribe the Semi- circle Cd P; and from the 
Point d, where the two Semi circles interſect or croſs each 
other, draw the Right Line d A perpendicular to the Trae 
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TS S, and it will aſſign the Point of Contact B in the Ellipſis Pe- 
riphery, through which the Tangent muſt paſs. | 

But the Practical Method of drawing Tangents to any aſſign'd 
Point in the Ellipſis Periphery may ( without finding the aforeſaid 
Point P) be eaſily deduced from the fol Property of * 
drawn to a Circle, which 1 is this. R 


If to any Radius of a Circle, as C B, 
there be drawn a Tangent Line (as HR ) | 
to touch the Radius at the Point B; the 
two Angles, which the Tangent makes with 
the Radius, will always be two Right An- 

gles (16, 17, 18, 19 Euclid 3.) that is, 
2 HBC'= £4 CBK = = 90%, 


In like Manner the two Angles, made between the Tangent and 


the two Lines drawn from the Foci of any Ellipfis to the Point of 


Contaft, will always be equal, but not Right Angles, ſave only 
at the two Ends of the Tranſverſe Diameter. 
Theſe being well conſider'd, and compar'd with what hath 
been faid in Page 366, it muſt needs be eaſy to underſtand the 
following Way of drawing Tangents to any of en 4 Point in the 

Ellipſis Periphery; which is thus: 

Having by the tranſverſe and conjugate Diameters fund the Fact 
Fand F, by Se. 3. draw from thoſe Points two Kight Lines to 
Meet each other in the aſſign'd Point | 
of Contact, as fb and Fb (or f B 

and FB) in the annex d Figure. Set 
off (viz. make) d= F (or BD 
BF) and join the Points F, d (or 
F, D) with a Right Line. 

7 if a Right Line be drawn 
through the Point of Contact b (or 
B) parallel to 4 F, or D F, 
it will be the Tangent requir d. 
For it is plain, that as the £ ＋ Af Bos £; N K when he 
Tangent is parallel to the Tranſverſe Diameter, even ſo is the 
CFH L FBk, (and BH = FBT) and will be 
every where ſo, as the Point of Contact b (or B) and its Tan- 


oy ads about the Eliip/is Periphery with the Lines f b F (or 
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Sd, are Abſciſe, and bab, BAB, 


” be $a: n ha : 84: n BA whereſoever 
or Sa: SA:: U ba: UBA the Points a, 


RI TEK | Q. E. D. 


| Conick Sections, 
e US. . 
Concerning the Chief Properties of the PParabola. 


N OTE, in every common Parabola, the intercepted Diameter, 

or that Part of its Axis, which is between the Vertex and that 
Ordinate * which limits its Length, as $a or & A, &c. is call'd an 
Abſciſſa. Se. 1. The Plane or Fore of every Parabola is propor- 


Part lx. 


tion'd by its Ordinates and Abſciſſæ, as in the following Theorem. 


As any one Abſciſſa is ts the Square of its Semi-ordi- 
Theozem, ) nate: % is any other Abſciſſa : to the Square of it 


Semi-ordinate, 


That is, if we ſuppoſe the annex d H. 
gure to be a Parabola, wherein S a, and 


Ordinates rightly apply'd, it will 


A, are taken. 


And ſo for any other Abſciſſe, &c. VP 4p 
Demonſtration, 


| Let the following Figure HV repreſent a Right Cone cut in- 


to two Parts by the Right Line SA, parallel to its Side J H. 


Then the Plane of that Section, viz. Bb SB will be a Parabo- 
la, by Sect. 4. Page 364. wherein let us ſuppoſe $ 4 to be its 


Axis, and bab, BAB Ordinates rightly apply'd to that Ai. 


Again, imagine the Cone to be cut by the Right Line h g parallel 
to its Baſe HG, Then will hg be the Diameter of a Circle, by 


Sed?, 2. Page 363. and A Sag like to A SAG. 


'Therefore[1|{ B 84:46 „/ 


By Theorem 13. 
I **\'2}Sa * AG = SA x ag 

_ Sax AG x ha Ax AN 
1 . By Axiom 3. + 
HA= ba, becauſe 84 
is parallel to V 

«{ [JO BA=AGXHA) ByLem. 
| Aud ba = ag x ha P. 303 - 

| ag roa 


But]4 


5 
3» 45 56 By Axiom 5. hl e 
6, Analogy | 7: r 


Vide Page 194. — 9 


T heie 
Here, and in what follows concerning the Properties of the Parabola, the Oréinate 
is alweys ſuppoicd rightly applied to the Axis of the Figuic, 


= 5 
4 
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| Theſe Proportions being prov'd to be the common Property of 


every. Parabola, all that is farther requir'd about that Section, or 


Figure, may from thence eaſily be deduced. 


Sect. 2. To fol the Latus Rectum or Right Parameter 
of a Parabola. 


any Alſcilſa and its Semi- ordinate, as the Latus Rectum of an 


Ellipſis is a third Proportional to its Tranſverſe and Conjugate 
1 and may be found by this Theorem. 


* 
* 
RE» 
"" 
iS 
os 
S 


ſo is that Semi: ordinate: to the Latus Rectum. 


Let 1 — the Latus Ea. 


And] 2 S4: BA:: BA: L] IU 4, are taken in the Aen. 
1083 G7. Or SL Oba 


Sa X 
|. as 9 =L; or SA LSA 
: 3=4|5| N 522 Per Axiom g. 
a 5 GIS N BA=SAx Oba, which gives this 


el E Analogy| 7 Sa: J:: SA: 0B A, the ſame as at the 7h 


I Step of the laſt Proceſs ; therefore L (thus found) is the true Latus 
| KReftum, by which all the Ordinates may be regulated and found, 
| 2ccording to its Definition in Section 4, Page 364. For by the 
third Step Sa x L = U ba, and vy the 4th Step | SAX L = = 1 
BA. Conſequently /Sax L Sa and * $4 xL = B #; 
| and fo for any other Ordinate. 


1 Or if the Ordinates are given, to find their Aſſee ; then it 
| will be, L: ba "A, ba: Je, and £: e ee, &c. 


1 288 nd 64 cc. 


ö e 


find the Latus Rectum Geometrically, thus : 


Join 


The Latus R of a Parabola is a third Proportional to 


Th eo zem. As any Abſeiſſ 10 in Proportion to its Semi- ordinate:: 


Then 118 4:04; 54 L ; where-ever the Points a, and 


From the . of theſe Proporta we may eaſily 


382 Conick Sections. Part IV. 
Join the vertical Paint $ of the Axis, and either extream Point 
of any Ordinate, as B (or b) with a Right Line, viz. $ B (or $b) 
and biſect that Line (by Problem 2. 
Page 287.) marking the Point where 
ns. biſecting Line doth interſect or. . 
_ croſs the Axis, as at E (or e) and with 8 
the Radius SE (or S e) upon the Point 5 7 
E (or e) deſcribe a Circle; (as in the <: 
annex d Figure) then will the Diſtance 5 
between the Ordinate and that Point „ wn N 
where the Circles Periphery cuts the LIL INN 
Axis, viz. AR (orar) bethe true La- 
tus Rectum required. 1 
For S A: BA:: BA: AR, and Sa: ba: 5 ar, by Theor, 13. 
therefore ARS. And 47 L., by the if and 2d Steps above, 


Cunſectary. 
From theſe Proportions of finding the Latus Rectum, it will be 
| 4 to deduce and demonſtrate this following Theorem. 
At the Latus Rectum : [s to the Sum of any tw St- 


The eozem. ? mi-ordinates : fo is the Difference of thoſe two Semi- 
ordinates : to the Difference of their Abſciſſe. 


Suppoſe any Right Line drawn within the Parabola, as b D, 
parallel to its Axis & A; then will that Line (viz. 5 D) be a Dia. 


meter (by Def. 5. Pag. 36 5:) which will make E D = AB Tal 
DB = 4 B—ab, and D = SA - Sa. Then it will be 
L:E D 2 5 b D, according to the Theorem. 


Demonſtration, 
Ie, O34 
| DT Py * by Step, 2. 
of the laſt Proceſs 
F386 = Bf by Sth. 3. 
 Andi2 1 a = 8 * e 


1 of the laſt 7 | 


— 


A. 
ASA — Sa „ I. 0 [7 no - Which give 
But 0 BA— 0 ba= BA ba 3A+ba hax BAT, the following 
LG Analogy. 
6|SA— Sa x L = LEY. ba x B A — bg 


6, Analogy 7 L: BA ＋ la:: BA—ba: 57 8 
D DBD 


This 


Thi 


x 


| Chap. 2. Concerning the Parabola. „„ 
This peculiar Property of the Parabola was firſt publiſh'd Auno 
| 1684, by one Mr. Thomas Baker, Rector of Biſhop Nympton in 
Devonſbire, in a Treatiſe intituled, The Geometrical Key : Or, tbe 
Cate of Aquations unlocſt d; wherein he hath ſhew'd the Geometri- 
| cal Conſtruction and Solution of all Cubick and Biquadratick Ad- 


| fected MÆquations by one general Method, which he calls a Central 
Rule, deduced from this peculiar Property of the Parabola. 


Sect. 3. To fnd the Focus of any Porabola. 


The Focus of every Parabola is that Point in its Axis through 


| which the Latus Rectum doth paſs. (See Definition 3. Sect. 4. 
| Page 359.) Therefore its Diſtance from the Vertex of the Para- 
© Zola may be eaſily found, either by the Latus Rectum itſelf, or by 

| any other Ordinate, and its Ab/c:ſe. | ey 


Thus, ſuppoſe the Point at F to be the Focus, $ the Vertex, the 


Ordinate RF R = L the Latus P 
* Reftum, and bab any other Or- „ 
dinate. Then will SF = +I £, 


| 0:8 7= £29 | 
8 . . 5 
DPemonſtration. 
Fir} 18S FN L= U FR. by Seti. 2. Page 3s. 
And] 2 FRS IL] for the Ordinate R FR L as above. 
28. 38 FRS Z UE LX LM | 
1, = 3 4/8 FX LSA 04 „ og 
| 4—L| SSF = L, as by Definition 4. Sect. 4. Page 359. 
Again] 6 8875 = L, by the third Step in Page 375. 
| Confeq.| Y 2 = 2 L, &ic. as above, 2 Ei 


| bect. * deſcribe, or draw a Parabola ſeveral Ways. 


Note, There are two or three Ways of drawing a Parabola in- 


ſtrumentally at one Motion; but becauſe thoſe Inſtruments or 


Machines are not only too perplex'd for a Learner to manage. 
y perp ge, 


| but alſo a little ſubje& to Error, IJ have therefore choſen to ſhew 


how that Figure may be (the beſt) drawn by a convenient Num- 
ber of Points, viz. Ordinates found, either Numerically or Geo- 


metrically, according to the Mata ; which, if the Work of the 


three laſt Sections be well conſider'd, muſt needs be very eaſy. 


1. If 
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= If any Ordinate and its Abſciſſa are given, there may | by 
them be 2 as many Ordinates as you pleaſe to affign or take 
Points in the Parabola's Axis; (by Sec. 4. Page 380.) and the 


Curve of the Parabola may be drawn by the extream Points of . 


"ou Ordinates, as the Ellipſis was Page 373. 
If the Latus Rectum, and either any Ordinate, or its Abſciſſe, 
_ given, then any aflign'd Number of Ordinates may by them 
de found (by $42. 2. Page 381. ) either e or Geometri- 

cally, &c. 
3. If only the Diſtance of the Fac from the Vertex of the 
Fe be given, any aſſign'd Number of Ordinates may be found 
by it. For S FA L the Latus Reflum, and 2 L R in 
the laſt Sen; and it will be, as SF: is to U 'F R:: ſois any 
other Abſciſſa, viz. (S a, or S A, &c.) : to the Square of its Se. 
mi-ordinate (viz. U ba, or U A acccording to the common 
Property of the Parabolz. 
Altho' any of theſe Ways of finding the Dread are ah 
enough, yet that Way which may be deduced from the follow- 
ing Propoſition will be found much more eaſy and ready i in Prac- 
tice. | 

( The Sum of any ABſciſſ and focal D ict from 

} the Vertex, will be equal to the Diſtance from the 


os ER Focus to the extream Paint of the Crane, which 
C cuts off that Abſciſſa. 
For Inſtance, ſuppole S to be the Vertex of 
any Parabola, the Point F to be its Focus, and I bo 


AB any Semi-ordinate rightly apply'd to its 

Axis $ 4: Then I ſay, where- ever the Point 

A is taken in the Axis, it will be 8 + N 

. Conſequently, ifs Fu 8 5 it will | 
be 1 A=#ÞB. 


4 — 


Temonftration. 
Firſt 177855 by the 7th Step, Seti. 3. 
Eisige] 2 A = FA Tx IL by Construction re. 
20 304 on FA+FAxL ＋E＋ LI 
Again 4 8 AS FAI by the Suppoſition and Figure. 
4 L JAR LS FAXLT ZLI, but & A x L= UAB 
Ergo 9848 2 FAxXL ++ LL 
3—6| 7 0a f4—-nAB=n FA, conſe. Off=0 F4+ 04 
But 8: 0 F A + no 48'= 7 FB, Lee 11. 
Ergo 918. * - 3 
© 194 8 FB KE. Do 


13 15 e This 


CO 


2 - OI. 20 II. wo SS SS +. 
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— » of rr 


This Propeſ ion being well underſtood, 'twill be very eaſily ap- 
ply'd to Prattice, ſuppoling the Focal D iſance given, or any other 
Data by which it may be found. Thus draw any Right Line to 
repreſent the Parabola's Axis, and from its vertical Point, as at &, 


ſet off the Focal Diſtance both upwards and downwards, viz. make 


Sf— SF, the Diſtance of the given Focus from the Vertex; 2s 
in the Scheme: Then by the Propoſition tis evident, that, if never 
ſo many Lines be drawn Ordinately at Right Angles to the Axis, the 


true Diſtance between the Point F out of the Parabola, and any of 


thoſe Lines (or Ordinates) being meaſur'd or ſet off from the Fo- 


cus F to the ſame Line or Ordinate, twill affign the true Point in 


that Line through which the Curve muſt paſs; that is, it will 


ſhew the true Limits or 28 2 of that Ordinate; as at B in the 


laſt Scheme. 


| Proceeding on in the very FER Manner from Ordinate to Ordi- 


nate, you may with great Expedition and Exactneſs find as many 


Ordinates (or rather their Points only, lite B) as may be thought 


convenient, which, being all j join d together with an even Hand, 
will form the Parabola requir'd, 


N. B. The more Ordinates (or thety Points) there are „ fined 


and the nearer they are to one another, the eaſier and eracter may the 
Curve of the Parabola be drawn. The ſame is to be obſerv'd when 


any other Curve is requir'd to be drawn by Points. 


ry 3. To draw a Tan zent to any given Point i in the 
3 Curve of 4 Parabola. 


Tangents are very eaſily drawn to "the Curve of any Parabala: 
For, ſuppoſing S to be its Vertex, B 
the Point of Contact (viz. the Point 
where the Tangent muſt touch the 
Curve) and P the Point where the 
Tangent will interſect (or meet with) 
the Parabola's Axis produced : Then 
if from the Point of Contact B ther: 
be drawn the Semi-ordinate B A at 
Right Angles to the Axis 8 4, whereſoever the Point A falls i in the 
Axis, will be SPS SA. 


Demonſtration. 


Draw the Semi-ordinate b a (as in the Figure) ton will the 
ABAPand A ] a P be alike. Lety = 4 8 che Adore, 


— d = | and 
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and z = $ P; ou x = Aa the Diſtance betwoon' the two Semi- 
_ ordinates, which we ſuppoſe to be infinitely near each other, as in 


the Ellibfis, Page I: 


Then] 1 +z: BA: o Tzu: h a, per Theorem 13. 
1, Or| 25 TZ: y TZ TA :: BA: ba. See Page 192. 
Again 30: OD BA::y+x: U ba, per Theorem Page 380. 
3, Or 45: % ＋ K*: S 
: y +292 +22: . 

2in 815 2zx TX: : U BA: 

«| 61 $959 +#: 77 7 ZS: 19 +275+ 
S5][ TLzyxTZzZz T2 z K T 


6 7 ee +22 þ 22 + 
1 194295 +200 $55 200 bak 

— 9 

Thatis, | 8 — = y* + xx, conſequently © =P "_ x 


But oh being infinitely leſs than x, may be rejected, a as 
in the Ellipſs, Page 377. 


Then 10 = =y, conſequently zz = yy 


z 2 «“ 5 


10 2111:2 = 1, that is, S PS SA 


CHAT IV. 


| Concerning th: cl ief Properties of the Dy perbolar 


NO TE, any Part of the Axis of an Hyperbala, which is inter- 
cepted between its Vertex and any Ordinate (viz, any in- 
tercepted Diameter) i is call'd an Miſſa; as in the Parabela. 


Seck. I. 


The Plane of every Hyperbola | Is 3 by this general 
” heorem. 


3 As the "I of the Tranſverſe and any ; Aſeiſſa mul- 
tiply'd into that AbJcijja : is to the Square of its Se- 
Theozem. mi-ordinate : : fo is the Sum of the Tranſverſe and 
I any other Abella multiply'd into that Abi. to 

the Square of its Semi- ordinate, 


That 


Q. E. D. 


« © 


Chap. 4. * Concerning the Dyperboia, . 


That is, if 78 be the Tranſverſe Diameter, 
a Sa, SA Abſciſſæ. 
An ba, BA Semi- ordinates. 
Ta = TS + SA 
Then} T7 78 87 


N And it will be 
Tax Ga: 54: TA x SA: 0 4. 


That i hy 


7 0 


B 


; res, G La: :TS+8AxS4: 3A 2 ; 
1 Kc. — 


Demonſtration, 


Let the following Figu ure HV repreſent a Right Cone cut into 


| two Parts by the Right Line $ 4; then will the Plane of that Sec- 
tion be an perde (by Sect. 5. Chap. 1.) in which let $ A be 
its Axis, or intercepted Diameter, bab and BAB Ordinates 
| rightly apply'd (as before in the Parabola) and TS its Tranſverſe 


iameter. Again, if the Cone is ſuppos'd to be cut by „g, paral- 


| lel to its Baſe HG, it will alſo be the Diameter of a Circle, &c. 


zs in the Ellipſis and Parabola. Then will the A & hs and A 1 Fl - 


| bealike, alſo the A 7 a h and A TAH 
| wil be alike ; ; therefore TO. 


ö wil be 
And 
„ 
3 
3X4 
But! 


Sa: ag 8 4. 46 
Ta: 64 . 
Sax AG S SA x ag 
Tax AH=TAXah 
1 e e 

S Ax TAN a 4 
ag x ah = U ab 


J 


N Co AB 


And] 7 per Lemma Page 363. 


1 Sa N T X H AB = 
JEW T DO ab 


which gives the following 


818 


9 


6 * 


D d d 2 


| 8, Anal. A Ta: D #7: LAN TH: 0:48, &c. 


Q. F. D. 
1 heſe 


. — — — -- 
— . — = — — — —— —— — ty _ - _ : . — — — 2 . 
- — — ig » 8 — — — 4 — 2 — KT — 8 
- ——ů Po — 12 — ors b mt — 8 12 * 
— bd ITO —— K : — w 8 a . bs — * — - 
—— — — _ wa — ——ä— 2 — — < — — * 
— — 2 — — bh * — wes oF... - * 1 5 — eels — — f — 
N : = 1 — Sw -- Ba — , 
Lg — 2 24 W 283 en g — — — 9 2 - 


tun Crt oo OS Oy" — — — — wn 
— — — —— — 


— 4 
; i 
p \ 
* 
, 
14 
14 
= 
bu 
i 
: U 
2% 
* * 
0 
" 
& 1 
* 
12 
1 at 
, o 1 
[ 
TT 
1 
2 : 
a 
1 
4 EY 
1 
4 
Fl 
& 
1 
15 
F. 
$7 
TY 
A 
1 
7 
* 
, a 
1 | 1 
N 7. 
1 
* 
35 
\F 
s 
if 
1 
pl 
85 
* 
4 


= 
« 3 5 — — > 
= : ” — Popes — 
. Ei, — — — —— —— 
- 3 — 2 x, 3 3 


— wh - 
— rr 
— 2 — — — 
* rr — 1 * 
PET —— — je" 
. hag 


— — ty — <A — — er - 
>" 2 * —_— 2 
9 — — n p —_———— 
+ Lan es AF = ; — 
— + - b 2 * 
— n "Iz — 4.” < 4 1 4 
\ 2 1.45 2 4d, Ce ws >... - 
r l WS; 2 1 d 5 N * 
x: od. 222 9 . 2 7 
o 


— — 


79 
Mt. 
ail bs 
1 
WM 
. 4 * 
1 . 4 ? 1 
| 5 71 
Uh 
1 
pd & "* 
7 1 
7 1 q Ka 
r 
1 
N. 1 
ET 
; "xt 
l A 7 
, 44 * 
1 
* it N 
+I 4 
* * 
wt 75 
9 
1 
8 
WM: 
WF 
0 
7: 5. 
1 
42 ö 
4 Ss 7. 
"8 
/ 37 
48 * 
*7 * 
5 


— — 5 „* 9 
388 Conick Sections. Part Iv. 


| Theſe . tions are the common Property of every Fhpe- 
Pala, and do only dilter from theſe of the Ellipſis in the Signs 4- 
and — ; as plainly appears in the fol- 


ſuppoſe T & the Tranſverſe Diameter 
common to both Sections (viz. both 
the Ellip/is and Hyperbols) as in the " 
nexed Scheme: then in the E. lipfis it Gs it will 


de 78 Sax S4: U 4b: 7 
„ SA: NU AB, as by Sect. 1. 1. Chap 1. 
and in the Hyperbola it it is TS — 84 
bs * $a: H b :TS+84x8A:0 

e ES , as above. Therefore all, that is 
| 7 = A f bo "ther requir'd in the Hyperbola, may 
f (in a manner) be found as in the 23 
fr ts, due Regard being had to changing of the Sines. 


Sect. 2. 'To fd the Latus Rectum, or Right Pars 
WD meter, of any Hyperbola, 


From the laſt Proportion take either of the Antecedents and its 
Conſequent, viz. either Ta x S4: N. Or TA x84: U AB, 
to them bring in the Tranſverſe T & for a third Term, and by 

tboſe three find a fourth Proportional . in the — and that 
will be the Latus Rectum. 


1 Tax d 
Rae which call L (as in the Parabola. ) 


Thus| | . * Fa: * ab:: 18: e 2 — the Latus 
78: L: Ta x $4: U ab. 


Then 


2, 3 


1 


en Z.: 24 84 0 45, 


4 
* 


l Lis the true 1 rn or r right Parameter, 
by which all the Ordinates may be found, actording to its Defini- 
tion in Chap. 1. And becauſe TS ＋ Sa Ta, let it be 7 8 + 


$Sainſtead of Ta, then it will be. DIS „ 4 
b | T Be HB ad in the 


Ellipfe it would be E. 2B TS 
of 5 be 7 = 5 . 


| | . N 
— 


* 


Sect. 


| lowing Proportions, - TL Nat is, if we | 3 


2 
But 3 T * S4: D457. T* 84: L AB, thereſore 


pe 4. . Concerning | the - Hyperion, - 5 389 


Sect. 3. 7 o find the Focus of any 7; 
The Focus being that Point in the Hyperbola's Axis through 


3 which the Latus Rectum muſt paſs (as in 1. 9 75 and Parabols) 
| it may oy tound by this Theorem. 


To the Reliangle mods of half the Trarfor d into 
Half the Latus Rectum, add the Square of half the 
Tranſverſe ; the Square Root of that Sum will be the 
Diſtance of the F ocus from the Ley ol the ” 
"+47 4 - perdola, 


* 


Theozem. 


brmona ketten. 


Suppoſe the Point at F, in the annex'd Scheme, to be the Focus 
ſought ; then will FR ** L. Let TC ä 


C Ide half the Tranſverſe; then is the Point 7 
C call'd the Center of the Hy ypcrbala (for a | 

| Reaſon that ſhall be hereafter ſhew'd.) A- 1 

| gain; 88 d. and SF=a 5 c 


Hy Thenſr 24 : * Nr + a xa: 4 7 
That is, 278: L: n QFR 
i 13% L = 2d ＋ aa 5 | 

3 + ddjgjdd ++ 41 = dd f ade . aa 
a 5|4/d4+-4L SE» = d +a = FC 
Or 5, =dib[y/dd+:4L = :d = a=8F = 
In che Elliphs, *tis, 24: L::2d—a xa:4 LI. that is, 24L = = 
24a — aa, &C. 
&-:- The Geometrical Effection of * laſt Therm} is very eaſily 
| perform'd, thus: make Sx = L, viz. half th: Latus Rectum; 
and let CS = d, as above. Upon Ox (as a Dia neter ) Leleride a 
Circle, and at $ the Vertex of the Hy- A.“. 
berbola draw the Right Line 28 N 5 
Right Angles to Cx; then join the 
* Points C, N with a Right Line, and | 
= "twill be SN SAH FC. 
- 

6 For 1 08: SN :: S N: Se, per Fig. 
"il That is 24%: SN: :$N: 1 L. ITY 
„ 34% LU SN 

But 4% + Q SN = ae 
3, 4 dd L= N CN 
5 wb! / dd+;dL=CN=d +a, &c. 
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Now bats 3 is not only found the Diſtance of the Hyperbala's Fe- 
cus, either from its Center C, or Vertex $, but here is alſo found 
the Right Line uſually call 'd its Conjugate Diameter, viz. the 
Line 1 $ NM, which bears the ſame Proportion to the Tranſverſe 
and Latus Rectum of the Hyperbola, as the Conjugate Diameter of 
the Ellipſis doth to its Tranſverſe and Latus Rectum. For in the 
SO TS: Nn: : Nu: LR. per $28. 2. Pag. 363. Conſequent- 
ly z TS: N:: 2 N: 2 LR. But 2 78 =>, ; Nn=8N, 
and 2 LRS I. "Therefore d : SN: N: 4 T. As at the 

2d Step above. 
What Uſe the aforeſaid Line » SN i is of, in ee to the 
1 will * farther on. 


Sect. 4. To deſeribe an Hyperbola i in Plano. 


In order to the eaſy deſcribing of an Hyberbola in Plano, it will 
be convenient to premiſe the following Propoſition, which differs 
: from that of the Ellit/ss in 8:8. 3. Chap. 2. only in the Signs. 


I from the Foci of any Hyperbola there be drawn 
| two Right Lines, fo as to meet each other in any 
Pzopoũt ion. Point of the Hyperbola's Curve, the Difference if 
EW | thofe Lines (in the Ellipſis tis their Sum) will be 
Cual to the Tranfuerſe Diameter. 
That is, if F be the Focus, and it be made Cf = CF tein in 
the laſt Scheme) then the Point F is ſaid to be a Focus out of the 
Section 7 rather of the OO _—_— and it will be J B — 
8 ts . 


Demonſtration. 


Suppoſe 7 C, orCF=z, and S Ax, let CS, or TCS 


as before; then will FA=d+x T z, and FA = d-þ x—3 
Again, let FB = h, and f B = b, then 24 = 11 by the 
Propoſiti ſtion. 


From theſe ſablituted Letters it follows, 


f That|1}dd + 24x + 24% + xx + 22x + 22 = 274 
And z dd + 24x — 24z + xx — 22x ＋ 22 FA 
But] JA NB = CB, and C f 4+ © AB= N FB 


Per 4th ? | : 
475 3% + % de f 2d. Ka 2 PG a. 


— 


3 
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 —&, e—d=:0L 
. 1 5 ZZ — dd 7. 
4 7 2 1 — 
hi TI 


Again] 612d: L::244+ xxx: U 4B, we common Properties, 
5 5, 6| glad: . : 2dx + xx: A3 


= — — Os 


e 


1 + 8] gf eee en 

17 89 RS - =D fA+0 

1 dd ＋ 2dx—2dz T* — 22x T2 | | 

2 + 8110 1— 9 PA Lo AB=bh 
dd 


 9+41m d++2d3z2+ 2ddzx + ddxx N 2dzzx+z2xx=ddbb 
| 10x dd\12., di—24*2—2ddzx4-ddzz- 2dzzx+ 22xx=ddbb 
| 11 wh 3 dd+dz+zx=db CO Atbo the Fquation at the 16th 
12 0 Ree ag Step be in itſelf impoſſible, be- 
. Xxx ! cauſe 2 is greater than d (by the | 
13 2 415 dz hy.” # oy £ 1 : 4th Step) yet frem thence it will 
8 4 be eaſy to conclude, that the * 


14 41604 wy 7 | feronce between d andy, + = 


16, or|17 CE _ 4=06 | will give the true 9 45 
15—17]18 2d = 7" 5 Au the 17th Step. 


py WEE 


But becauſe I would leave no Room for the Learner to 4 


| . changing the Equation, d — — 77 = b into that of 


2+ DL 7 4 . it may be convenient to illuſtrate the whole 


| Nees in Numbers, whereby (1 preſume) il plain'y por 
| thath—þ =TS. 
In order to that, let the Tranſverſe TS 20 2 12, then d=6 
| ſuppoſe the Abſciſſa S = 4, and the Semi- ordinate AB= 3 


af 4B 7 . L, per Se 2. 
, via. 2 12 T4 4 2 64:9: : 12: 1,6875 = L 
Again | 3 VA = d+a=CF, per Sect. 3. 

Pl 3: iz. | 4 | / Zo+5,0025 = 6,408 =CF=z 
| * e eee 16408 = 7 
nd 


d + „ 3.592 = A | 
3 507 


. 8 4 . 4 92 „ 2 5 , 
X 4 
ers rae. 
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58. 71269, 2224 = Q fA 
58.8 12,9024 = U FA 
But] o) 9 = Q 4B, for 4 B = 3 by Suppoſition. 
F eee : 
+ 9j11] 21,9024 = Q#Z4To 488! 0 
Io wi\r2] 16,68 = 
11 0213] 4,68 B 


12— 1301 12,00 = f B— FB = 28. Which was to be pro 


n 
— — 


— 


If this Propoſit tion be truly vedeclingd, it muſt 225 be 1 to 
conceive how to deſcribe the Curve of any Hyperbola very readily 


by Points, when the Tranſverſe Diameter and the Focus are given 


(or any other Data by which they may be found, as in the prece- 


dent Rules) thus: 

Draw any freight Line at Pleaſure, and on it ſet off the Length 
of the given Tranſverſe T S$, and from its 9 5 
extream Points or Limits, v:z. TS, ſet off To 
77 =S F, the Diſtance of the given Fo- 


cus (viz. the Point f without, and F within 1 
the Section, as before); that done, upon 33 
the Point f (as a Center) with any aſſum'd PERS 


| Radius greater than TS, deſcribe an Arch 1 
of a Circle; then from that Radius take r 
the Tranſverſe 78, making their Diffe- 5 
rence a ſecond Radius, with which, upon „ © 4% 
the Point F within the Section, deſcribe OO : = 


nother Arch to cut or croſs the firſt Arch, 
asat B; then will that Point B be in the Curve of the Hopertal, 
by the laſt Propoſition. And therefore 'tis plain, that, proceeding 


on in this Manner, you may find as many Points (like 5) as may 
be thought convenient (the more there are, and nearer they are 


together, the better) which being all join'd together with an even 


Fand (as in the Parabola) will form the Hyperbola requir'd. 


There are ſeveral other Ways of delineating an Hyperbola in 


Plano: One Way is, by finding a competent Number of Ordi- 


nates, as by Section 1, Sc. but F think none ſo eaſy and expediti- 
ous as this mechanical Way: I ſhall therefore, for Brevity's Sake, 
paſs over the reſt, and leave them to the Learner's Practice, as 
being oaks deduced from what bath been already ſaid, 


Pei 


Chap, 1k 


Concerning the Þyperbola, | 3 9 93 


| And Z = A 


Then, if y be 2 z may be found by 
| this Theorem 4 2 — = % [which differs 


| from that in the 2% only i in Signs. Vi ide 


| Puge 377. 


the Latus Rectum. 
y=8 A the Abſciſſa. 


| ed. 5. Te tow a Tangent to any given Point in the 


Curve of an ypperbola. 


The drawing of a Tangent, that will touch any given Point in 
the Curve of an Hyperbola, may be eaſily perform'd by * of a 
Theorem; as in the Ellipſis, Se. 6. Chap. 2. 

5 = 7 the Tranſverſe Diameter. 
et | 


the Diſtance between the 
Ordinate and that Point 
in the Tranſverſe cut by 
the Tangent. 


| Or, ifz be given, the then y may be found by this T! beorem « 1 
Theozem, SE wy =; : +iz— 1 B = 


Then 
That is, 


I * 


Again 


„ 
g Per Figure 


That is, 


| 7in O's] 
But] 


| Then 3» 9]: 


I, 10 #1 


| 


pat x = = Aa f 


| 


- tears. 


Draw the Semi-ordinate b a, as in n the Figure, and 
an infinite ſmall Space between the two Semi- ordi- 
nates; as before in the Ellipſis, &c. 
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ſ- is infinitely leſs than x, and may be every 


where rejected (as in the * Fs.) 
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13 Aualegy 14 DAY Y:: BT 2, viz. CA: 84. T4. AP 


13=iD+y |15]z = _ which is the firſt Theorem. 
13 — 275160) Dr 


| 3 DDA 
= 16 o C. „D-. . * 
17 un 18 PR * Hel. | 


1 Diaz TRE: 5 which is the ſe- 
18 4 190 t . Ha ADI cond T heorem, 


8 — A SES * _ QE.D 


The Geomdliical Efection of the firſt of theſe Theorems i 
I very eaſy; ; for, by the 14th Step, tis evident that there are three 
Lines given to find a fourth proportional Line, [By Problem J 
hat 308, ] 


 Scholium. 


1 From the Compariſons, which have been all- along made in thi 
1 3 Chapter, between the Hyperbola and the Es: "twill be 7 
(even for a Learner) to perceive the Co- 
herence that is in (or between) thoſe two 
Figures; but, for the better underſtanding . 3 
of what is meant by the Center and Amp T 
| totes of an Hyperbola, conſider the an- /M¾ZƷZm»næam - 
| nex'd Scheme, wherein it is evident (even b "tf 
by Inſpeclion) that the oppoſite Hyper- 
bola's will always be alike, becauſe they 
will always have the ſame Tranſverſe Di- 
| ameter common to both, &c, (ſee $2, 


* a ͤ4c4 1 
= 
16414 4 


9 „ 
772222 


* 4 
. rn N * 9 — 
P Lr 


I. of this Chap.) Alſo, that the middle 1 
Point, or common Center of the Ellipfs, , | ; 
is the common Center to all the four con- 7 e | 


jugal Hyperbola's. 
And the two Diagonals of the Right-angled Parallelogran 
| which circumſcribes the Ellipſis (or is inſerib d to the four Ih- 


| perbola's) being continued, will be ſuch Aſymptotes to thoſe Hper- 
ö Le as are defined, Chad. 5 Set, 8. Dein. 4. - 
ect. 


WG. | 


Tin DO's| 2 
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F Sect. 6. To draw the Aſpmptotes of any Digiriota; & E. 


Having found the Latus Rectum (by Sect. 2. ) and the Conju- 
gate Diameter & N in its true Poſition, by Sect. 3. Then, thro? 
the Center C of the Hyperbola, and the extream Points x N of 
its Conjugate Diameter, draw two Right Lines, as C N and Cn, 
infinitely continued (as in the following Figure) and they will 


be the A/ymprotes required. That is, they are two ſuch Right 
| Lines as, being infinitely extended, will continually incline to the 
| vides of the Hyperbola, but never touch them. 


Demonfiration, 


Suppoſe the Semi- has ab and AB to be rightly ty 
to the Axis TA; and produced both Ways to the Afymprotes, as 


| ſand FG; "then will the A C 8X, A Cag, nd U C 
; e allKe | 


| Let d = 4 CSS TC. And L = the Late Rang: as before. 
| Put 5 2 f. the Abſciſſa. Then 


bw = Cw: 

777264 oa 

Then] 114: SN: : d Ce: ag. viz. CS: S N:: C4: 4g, 
dd: NS NM: 4d T 2d e Tee: 4%. 

But 3 4 L = H SN. per Se&. 3: 

„. J4dL-\-2deL +eeL 


314 24 =—= 07 
| Apain|-5j2d: L : :2debSee:n ab, per Sec. 2. 
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From the laſt Step tis evident, that the A/ymptotes are nearer 
the Hyperbola at & than at g, and conſequently will continually W 
approach to its Curve: For B F) d L (S3 & is leſs than W 
2 4 L(=bg, becauſe the Diviſer B F is greater than the Divi. 
fer bf; and it muſt needs be ſo where- ever the Ordinates are 
produced to the Afymptotes, from the Nature of the Triangles, 
Again; From the 7th and 16th Steps 'tis evident, that the 
 Aſymptotes can never really meet and be co incident with the 
Curve of the Hyperbola, altho' both were infinitely extended, be- 
cauſe 2 d L will always be the Difference between the Square of 
any Semi-ordinate and the Square of that Semi-ordinate, when ti 
produc'd to the Aſymptote, - 


Conſectary. 
From hence it follows, that every Right Line which paſſes thro 
the Center and falls within the Ahymptotes, will cut the Hyper. 
Zola; and all ſuch Lines are call'd Dzameters (as in the Ellipjic) 
| becauſe the Properties of the perbola and Ellipſis are the ſame. 


Note, Every Diameter, both in the Ellipſs, Parabola, and 
Hyperbela, hath its particular Latus Rectum and Ordinates; 
which (ſhould they be diſtinctly handled, and the Effection of al 
ſuch Lines as relate to them, as alſo the Nature and Properties of 
ſuch Figures as may be inſcribed and circumſcribed to all the Secti. 

ons, with the various Habitudes or Proportions of one Hyperbal 
to another, Sc.) would afford Matter ſufficient to fill a large Vo. 
Jume. But thus much may ſuffice by way of Tntrodu@ion ; I {hal 
therefore. deſiſt purſuing them any further, being fully ſatisfied, 
that, if what I have already done be well underſtood; the rel: 
muſt needs be very eaſy to any one that intends to proceed fat 
ter on chat Subject. | 8 88 . v 
e : A 


AN 


INTRODUCTION 
TO THE 


Math ematicks. 


TALES Y:” 


T" H E Method of ( finding out any de Quantity (viz. 


either any Line, Superficies, or Solid) by a regular 
Progreſſion, or Series of Quantities continsally approach- 
ing to it, which, being infinitely continued, would then become 
perfectly equal to it, is what is commonly call'd Arithmetick of | 
Infnites; which I ſhall briefly celiver 1n the following Lemma's, 
and apply them to Practice in finding the ſuperficial and ſolid 


| Contents of Geometrical Figures farther on. 


IL. E MMA I. 


In any Series of equal Numbers (repreſenting Tine or other 
Quantities) 5 S707 + Zo 2. 2: £96 or 
3. 3. „ . Ce. if one of the Terms be multiply'd into the 


Number of Terms, the Product will be the Sum of all the 
Terms in the Series. 


This is ſo very plain, and eaſy to be undeefiood, that it needs : 


no Example. | 
. E. M M A I. 


If the Series of Numbers in Arithmetick Progreſſion begin with a 
Cypher, and the common Difference be 1; as, 0. I. 2. 3. 4. Cc. 
(repreſenting a Series of Lines or Roots beginning with a Point) 


if the laſt Term he ws ha into the Number of Terms, the 
Product will be double the Sum of all the Series. 


That is, putting L = the laſt Term, N = the Number of | 
Terms, and $ = the Sum of all the Series : 


Then 


398 5 Arithmetick of Infinites. Fart V. 
Then will NL= 28. Conſequently, 2 NL = £. | 
vi. one Half of ſo many times the greatelt Term as there are 

Number of Terms in the Series. 
Thus © o+1+2+3+4 __ — the Sum of the Series : En 2 FL, 


| 4+4+4+4+4 20=NL. 
And this will always be fo, how many Terms ſoever there are, 


1 Conſett. I, Page 166, -- 
LEMMA IT. 


If a Series of Squares, whoſe Sides or Roots are in Arithmetick 
Progreflion, beginning with a Cypher, &c. (as in the laſt Len- 
ma) be infinitely continued; the laſt Term being multiply'd in- 
to the Number of Terms will be Triple to the Sum of all the 
Series, VIZ. NL, or NLLl. S8. 

That is, the Sum of ſuch a Series will be one Third of the laſt 


or greateſt Term, ſo many times repeated as is the Number of 
Terms | in the Series. | 


7M nflances i in Square N unbers, 


N 5 2 1 
1. 


44 ＋4＋4 12 2 12 Ee, 
ü j 3 1 I 
2. 


97949 7 9 30 18 3 18 
1 9+16 3 OD 2 5 
3. 


— =—+— &, 
16+16-+16+16 80 8 24. 3 26 


From theſe Inſtances tis evident, that, as the Number of a 
in the Series does encreaſe, the Fraftion or Exceſs above + does 


decreaſe, the ſaid Exceſs always being 


— 53 ; which, if we ſup- 


poſe the Series to be infinitely continued, will then become infi- 
nitely ſmall, viz. in Effect nothing at . Conſequently, NLL 


may be taken for the true or perfect Sum of ſuch an infinite Se- 
ries of Squares. 


= LEM M A IV. 
If ; a Series of Cubes whoſe Roots are in Arithmetick Progreſſion, 


beginning with a Cypher, Sc. (as above) be infinitely continu'd, 
the Sum of all the Series will be * NLLL =S. 


| That is, one Fourth of the laſt or 98 Term ſo many times 
repeated as is the Number of Terms, 
; Inſtances 


5 


| * — 
xn ti — 27 


be 11 28 


apply d to Superficies and Solids. 399 


 Inflances in Cube Numbers. 
If o. 1. 2. 3. Sc. be the Roots of the Cubes. | 
0 ＋ 1+ 8+27 | -36 3x 
Then I. 


— 31 

| 254-274 27 +27 105 14 - 2: 
4} o+ 1+ 84-27 +64 00-40 4 3 - x 
2. 


W Bayne 

64+64+644+64+64 320 32 16 4 16 

25 (o 1+ 8+ 27+ 6471125 ns 45 _ 3 TRY 
5333 

3. . 750 150 10 20 4 20 

From theſe Examples it plainly appears, that, as the Number of 


Terms in the Series encreaſes, the F go. or Exceſs above 5 de- 


creaſes, the Exceſs being always - 


any, 3 which, if we ſuppoſe 


the Series to be infinitely continued, will become infinitely ſmall, 


or rather nothing; as in the laſt Lemma. Conſequently, + NL | 
LL may be taken for the true and perfect Sum of all the Terms 


| in ſuch an infinite Series of Cubes. 


Coral. Hence the Sum of 0”, a 1 20 » = 7 Sc. PIE 
— 


1a , an infinite Series of the m Powers of Quantities in Arith- 


metick Progreſſion from o to na incluſive, where the Number of 


ſignificant Terms is the infinite Number 7, is found to be af 
0% | | Mm +I 


X an, or putting the laſt Term 1, Viz. an 
m | 
"X" =>, For, if . £ 


_— when 
m 2 1 m +1 
the Number of Terms is u, that, when this is diminiſhed by I 


= 1, equal to 


| (the laſt Term) or the Number of Terms is n — I, ſhall 


42* — 1 1 
* n—I „ viz, by writing 5 —1 for „ 


mM ＋ 1 & 


and 2 — 1 for 1 but e tn aa nn 4 


11 Te, 1 1 I Ao MI, m—2 „Ec. there- 
5 8 2 3 


—_— 


fore 9— g = 5 * 1 5 14 1 . 4 L 2 


u I | 1 2 


5 


8 EEE ä 


— A... 


— Oc. Let this be taken * 41 
pag | m1 


ta Th - Arirhmenick of Ades Fart V. 


X n «+: and there 


a Rh a” _m+1 m+0 —— 


"SR 7266 e Xx — 
| 1 3 2 
| E + 2 MM [ 
LS 
Number infinitely great, therefore the firſt Term of the above 
Value of ! muſt be infinitely greater than any of the ſubſequent 


„ 6. but, ſince by ee u is a 


ones; hence all of them, but the firſt, may be neglected, and 


then we find! = £ x #41 na”, or I = an. Now, lince 


e 1 


12 2 „ Jet 1 be put for an in the above Valeo. of s, and we 
| n * 


have 5 = 
m1 


"Powers of Quantities i in Arithmetick Progreſſion from o, is equal 


that is, the Sum of an infinite Series of (the m) 


to the Product of the laſt Ferm by the Number of Terms, and 


this divided by the Index (m) Plus Unity. 
Leuna V. 


If a 1 Serien of ts whoſe Roots are in Arithmetick 
Progreſſion, beginning with a Cypher, &c. (as before) be in- 
finitely continued, the Sum of all the Terms in ſuch a Series 
will be + N C4, For here m is equal to 4, and therefore s = 


Tn A But / = Ls; whence x Ka N [4 is the Sum of the propoſed 


Series. 

By the Application of theſe 3 to Geometrical Gu; 
tities, and admitting the following Hypotheſis, the Menſuration 
of Superficies and Solids may be ealily attained. 


The Hypotheſis, 


1. That every Line is ſuppos d to conſiſt (or be a0 of an 
infinite Series of equidiſtant Points, 

2. A Surface (v:z, the Area of any Figure) to conſiſt of an infi- 
nite Series of Lines, either ſtreight or crooked, according as the 
Figure requires. 

3. A Solid to conſiſt of an infinite Series of Planes or Superficies, 
according as its Figure requires, 


0 | Not 


_ applyd 10 Superficies and Solids, 401 
Not that we ſuppoſe Lines, which have really no Breadth, can 
fill a Space or Superficies; or that Planes, which have not any 
Thickneſs, can conſtitute a Solid: But by what we here call Lines 
are to be underſtood ſmall Parallelograms (or other Superficies) in- 
finitely narrow, yet ſo as that their Breadths, being all taken and 
put together, muſt be equal to the Figure they are ſuppos'd to fill 
up. And thoſe Planes or Superficies, which are here ſaid to con- 
ſtitute a Solid, are to be underſtood infinitely thin; yet fo as that 
| their Depths or Thickneſſes (which are hereafter alſo called Lines) 
being all taken together, muſt be equal to the Height of the pro- 
pos'd Solid. Now, in order to render this Hypotheſis as eaſy for a 
Learner to underſtand as I can, I ſhall here propoſe a very plain and 
familiar Example; Viz. Let us ſuppoſe any Book to be compos'd 
(or made up) of 100, 200, 300, (more or leſs) Leaves of fine 
Paper; ſuch a Book, being cloſe put together, will have Length, 
Breadth, and Depth or Thickneſs, and therefore may (not impro- 
perly) be called a Solid; and each of its Edges (being evenly cut) 
will be a Superficies compos'd of a Series of ſmall Parallelograms, 
| every one of their Breadths being only the Edge of a ſingle Leaf 
| of Paper; and if we conceive the Thickneſs of every one of thoſe 
Leaves to be divided into 10, or 100, or 1000, Cc. they will 
then become ſuch a Seriesof infinitely ſmall Lines as are (by the Hy- 
potheſis) ſaid to compoſe or fill up a Superficies. And all the Su- 
perficies of thoſe infinitely thin or divided Leaves of Paper will be- 
come ſuch a Series of Planes or Superficies, as are ſaid to conſtitute 


a Solid, viz. ſuch a Solid as the Bigneſs and Figure of that Book. 


Now, according to this Idea of Lines, Superficies, and Solids, one 
may, without the leaſt Prejudice to any Demon/tration, admit of 
the following Definitions and Theorems, | 
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Definitions, 
I. The Area's of Squares, and all other Parallelograms, are com- 
pos'd or fill'd up with an infinite Series of equal Right Lines. 


II. The Area of every plane Triangle is compos'd of an infinite 
Series of Right Lines parallel to its Baſe, and equally decreaſing 
until they terminate in a Point at the vertical Angle. : 


III. The Area of a Circle may be compos'd either of an infinite 
Series of concentrick or parallel Circles, or of an infinite Series of 


9 Chord Lines parallel to its Diameter, or of an innumerable Mulci- 
rude of Sectors. | | 


— 


— —— 


a „ IV. The 


5 


402 Tie Arithmetick of Infinites Part V. 
| IV. Tune Area of an Ellipfis may be compos'd either of an infi- 


nite Series of Ordinates rightly apply'd, or of an infinite Series of 
Right Lines parallel to its Tranſverſe Diameter. 


V. The Area's of the Parabola and Hyperbola are compos'd of 
an infinite Series of Ordinates ; or may alſo be compos'd of Right 


Lines parallel to its Axis, Ce. 


vl. A Prifm i is a ſolid Body contain'd or included within ſeve- 


ral equal Parallelograms, having its Baſes or Ends equal and alike; 
and i it is OY nam'd 5 to the Fi 0 of its Baſe: That 
1 


VII. A Cube as Solid like a Dye) i is a Pam bound or inclfed 


with ſix equal ſquare Planes. 


VIII. A Parallelopipedon i is a Priſm that hath its Sides bounded 


or included within four equal Parallelograms 11. two Oey: Baſes 
or Ends. 5 


_ A Cylinder (or Solid, like a Rolling-flone i in a Garden) is 
only a round Priſm, having i its Baſes or Ends a 88 Circle. 


. The Solidity of every Priſm is compos of an infinite Se- 
ries of equal Planes parallel and alike to that of its Baſe. 


XI. A Pyramid i is a Solid bounded or included within ſeveral 


plane Triangles ſet upon any Polygonous Baſe, having their ver- 
| tical Angles all meeting together in a Point, called the Vertex, and 


takes its Name from the Figure of its Bafe, viz. if it has a ſquare 


Baſe, *tis call d a ſquare Pyramid; if a 1 Baſe, tis call'd 


a triangular Pyramid, &c. 


XII. A Cone is only a round Pyramid, which bath been already 


| defined | in Page 35 53 Sc. 


XIII. The Solidity of every Pyramid is compos'd or - conſtituted 
of an intinite Series of Planes parallel and alike to that of its Baſe, 
equaily decreafing until they terminate in a Point at the Vertex. 


XIV. A Sphere or Globe 12; VIZ. A Ball) is a Solid bounded or 


included within one regular Superficies, being tor m'd or genera- 
ted by the Rotation of a Semi-circle about its Diameter (call'd 
the Axis of a Sphere) and [ts Solidity is compos'd or conſtituted 


of 


09 © A w 


| of a Parabola. 
XVIII. Tf a Parabola be turn'd about its Baſe, or greateſt Ordi- 


— 


— I — 


p wv Superficies and Solids, 40g 


— — A 


* * * 


of an infinite Series of concentrick Circles, whoſe Diameters are 


the Chords of that Circle by which it was form'd. 


Xv. A Spheraid (or Egg like Figure) is a Solid bounded with 


one regular Superficies, form'd by the Rotation of a Semi-ellipſis 
about its Tranſverſe Diameter, (call'd the Axis of the Spheroid) 


and its Solidity is conſtituted of an infinite Series of concentrick 
Circles, whoſe Diameters are the Ordinates of that Ellipſis by 
JJ; En LT 


XVI. There is another Sort of Solid call'd an OBlate Spheroid, 
being form'd by the Rotation of an Ellipſis about its Conjugate 
Diameter, and it is like a flat Turnep. „„ Op 


XVII. If a Semi-parabola be turn'd about its Axis, *twill form 


3 a Solid call'd a Pargbolick Conoid, being compos'd or conſtituted 


of an infinite Series of Cjrcles, whoſe Diameters are the Ordinates 


nate, twill form a Solid call'd a Pyramidoid, but moſt commonly 
a Parabolic Spindle, which will be conſtituted of an infinite Se- 
ries of Circles, whoſe Diameters are Right Lines parallel to the 
Parabola's Axis. . . 


XIX. If an Hyperbola be turn'd about its Axis, twill form a 
Solid call'd an Hyperbolick Conoid, being conſtituted of an infi- 
nite Series of Circles, whoſe Diameters are the Ordinates of the 
Hyperbola. e > 


XX, The curve Superficies of all circular Solids, viz. Cylin- 


| ders, Cones, Spheres, &c. are compos'd of an infinite Series 
of the Peripheries of thoſe Circles which conſtitute their Solidities. 


Upan theſe Definitions are grounded all the following Theo- 


| 7ems 3 and therefore, if they were diligently compar'd with their 


reſpective Figures, it muſt needs be of great Help to the Learner, 
and would render all that follows very eaſy ; wherein I ſhall be- 
gin with what hath been already demonſtrated, by way of intra» 
ducirig the reſt, e | 


r THEO. 
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THEOREM * 


The Area of every Right-angled Parallelogram is obtain d by multi- 
He plymg the Length into its Breadth, 


That is, B Dx FB = the Area of the Parallelogram BD FG, 
by Lemma1, compar'd with De- E. I 
finition 1. | | —_ me — 


E aw. 


Suppoſe BD = 26, and F Bg, 0 


then 26 x 9 = 234 the Area . —— 5 
Ser Prob. I, IT 339. B : 7 „ | 


THEOREM Jt: 


The Area of every plane e 15 nit 2 half the Area of Its 
circumſeriding Parallelogram. That 155 e the Area of 
2 


* 5 5 D, in the following Figure. 


Demonftratfon, | 


| Suppoſe hs Perpendicular CA to be divided into an ro Galle 
Number of equal Parts, as at the 


Points a, a, a, &c. and through F 2 


thoſe Points there were drawn [© PORT al 
Right Lines parallel to the Baſe "54a Dp wa 
BD; (vin. $04, bad bagkc) i ide DE. 
then will thoſe Lines be a Series . 7 Dad. 
of Terms in Arithmetick Progreſ- El ÞS 


ſion, beginning at the PointC,(viz. B A 
o, bd, 2bd, 5 5 d, &c.) as is evident by the Figure, wherein BD 
the greateſt Term = L, and CA the Number of Terms = N. 


But 4 N =S, by Lemma 2. And S&S S the Triangle s Area 
by Definition 2. fol E. D. 


Example. Let BD = 26, and C4 . as above; then 
26 * 9 


= 6 =117, or £2 X 9 = = 117. Or thus 26 x 3 
the Arca requir'd, [See — I, Page 330- ] 


THE O- 


en 


7 


—— 


© apph'd 1» Superficies and Solids, 05 


— 


THEOREM III. 


The Perigberies of Circles are in Proportion one to another « as their 
Diameters are. 


Memonſtration. 


Let the Perighery of a Circle be divided into any 3 Number of 
equal Arches by Right Lines drawn from 

the Center (viz. Rad) ſuppoſe em 8, 

as in the annexed Figure, wherein 4 B | 
is one of them; then, if thro' any Point 
in the Radius there be drawn a concen- 
trick or parallel Circle, its Periphery 
will alſo be divided into 8 equal Arches 
by thoſe Radii, one whereof- will be a b, 
and the A Cab 75 50 like to A CAB. 


Therefore Ca : : or Ca: CA: 43: AB; 


conſequently 2 Ca: * C418 45:8 4B. But 2 C4 da 
the Diameter of the Circle, whoſe Periphery is 8 ab; and 20A 
= D A, the Diameter of the Circle, whoſe Periphery is 8 4 B. 
Therefore, Sc. as by the Theorem. 2 . 5 D. 


l 
In Che 6, Part III, it was found, that, if the Diameter of a 


| Circle be 2, its Periphery will be 6 128218 53, Ce. Therefore 


2: 6,2831853, Se.: : 314159205, Sc. the 1 of 
the Circle whoſe Diameter is 1. ä 


Corollary, 
Hence it follows, that becauſe Unity, or I, may be made the 


| firſt Term inthe Proportion, therefore 3, 14159265, He. may be. 


made a conſtant or ſettled Factor; which, being multiply'd into 
any propos'd Diameter, will produce the Periphery of that Circle. 
Note, Inftead of 35140 59265, Sc. it may be ſufficient to take 


| only 31416. 


Or, in whole Numbers the Proportion may be, 
AS7:22:: Diam. : Periphery theſe Numbers may ſerve, 
Or 1133 35 5: ; Diam. : Periphery and are often uſed in com- 

mon Practice. 


THEOREM 


B > oder act — . 26. ea Ls. a6 
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THEOREM IV. 
The Area of any Sector ef Circle is equal to half the Rectangle 
of the Radius into its Arch. That i is, —.— 43 = the Area 


of 4CB. 


Demonſtration, 

Suppoſe the Radius C A to be divided into an infinite Series of 
equidiſtant Points, as a, e, y), &c. and 
through thoſe Points there were drawn con- E 
centrick or parallel Arches, as ab, ed, , &c. ye 
then they will be a Series of Arches in 
Arithmetick Progreflion, beginning at the 
Point C (viz. o, 1, 2, 3, Sc.) as plainly ap- 
pears by the Figure, wherein the greateſt 
Termis A B=L, and Number of Terms is 
CAS N. But: : N L = the Sum of all 
the Series, by Lemma 2, and S Sthe Sector's 
18 _ by Definition 5 Q. E. 0. 


Erangle 
Jn the Radius 0 A=12, and the Arch AB = 8 then JAX L 


= 48. or '*x8 = 48. orZ x 12 = 48, the Area of th 
Sektor 40 B. 


THEOREM v. | 

The Area of every Circle is equal to half the Reftangle o the Radius 
into its Periphery. That is, according to Archimedes, 4 Circle 
is equal to a Right-angled Triangle, whoſe Sides containing the 


Right-angl# are equal, one to the Radius, and the other to the 
\ Perimeter of that Circle, Pro. 1. de Dimenſione Circuli. 


The Truth of this Theorem may be eaſily deduced from the 
laſt thus; If we ſuppoſe the laſt Sector to be one Eighth-part of a 


Circle, then it follows, that 8 4B x C4 = 4 AB x C 4 will be 
"Þ_ 


the Area of the whole Circle. But 4 A B = half the Circle's Pe- 
r1phery, and CA = half its Diameter; ; Therefore, c. As per 
Theorem. E. D. 

; E ample 


2 


258 e Superficies and d Solivs, © 4 % 


* 
n 


E 


Example. | 
| If the Diameter be Unity, or I, the Periphery will be 3, I41 2308 "A 
Sec. by Theorem 3- Then == $9295 X 4 = 0,78539816,. 


Ge. K 0,78 54 for common Uſe) will be the Area of chat Circle. 


| Stholi um. 


From hence naturally flows the following Proportion between 
| the Square and its inſcrib'd Circle, 


As the Perimeter (vi. the Sum of the four Sides) 
Prportion. }of of any Square: is to its Area:: fo is the Peri- 
phery of the inſcrib'd Circle: to its Area. 
That is, ſuppoſing AB = D = the Side of the * and 
| the Diameter of its inſcrib'd Circle; 
then 4 D = the Perimeter, DD = the 
| Area of the Square, and 3,1416 D = the 
Periphery of the Circle, by Theorem 3. 
But 4D: DD:: 3, 1416 D: 0,7854 DD 
| = the Circle's Area. And 1 
| then 4 D = 4, and DDS IXI = 1, 
| and the Periphery will be 3,1416, Then = -- 
[4:1:: 1: 0,7854 &c. as in the Exam- . Ja 
| ple above. And from hence may be ea 1 
| ly deduced the following Theorems, | 


THEOREM 5 18 


| The Area s of all Circles are in Proportion one to anther as the | 
Squares of their Diameters. (2. e. 12.) 


7 Fot if D = the Diameter of one Circle, and d = the Diameter 
he I bf another Circle, then will 0,7854 DD be the Area of one Cir- 
i, cle, and o, 7854 dd will be the Area of the other Circle; as a- 
bove. But 0,7854 DD : 0,7854 4d::DD: dd. Or thus, let 
D = the Diameter, and P = the Periphery of one Circle; d = 
he WW the Diameter, and p = the Periphery of another Circle; 


fa Then] 11: 1D x 2 —=2 DP = A, the Area of one Circle. 
| And] 24 7 d x Ap a, the Area of the other Circle. 


I x 4 3 DP = 4a (per laft Theorem. 


| A 
[ | FR 


4 +4 


ET TT ES: 


| 244232 

| But 7p: p: :D: 4, per Theorem 3. 
| 6, 7 80D 2.4.4 
ante Fob 5 4 

| . 04D Da=4444, tht, DDo=ddf 
| 9, Analogy 1e . A: : 4d: a, or A: a: : DD: d d 


Q E. D. 


— — ——— 


— Par = 


Corollary. 


Hence it follows, that becauſe the Square of 1 is 1 {oi 
IxI=1) and o, 785398 16, &c. or 0,7854 is the Area of the 
Pee whoſe Diameter is 1 (as before) therefore it will be 
5 0,7854 : : ſo is the Square of any Circle's Diameter: to its 
: * And becauſe 1 is the firſt Term in the Proportion, there- 
fore 0,78 54 may be made a conſtant Factor; which, being mul- 
| tiply'd into the Square of any propos'd Diameter, will produce the 
Area of that Circle, 
Vote, The four laſt Theorems do plainly ſhew the Reaſon of 
= all the common or practical Problems about a Circle, which, for 
the Learner's farther Ons I have here inſerted together, 
Suppoſing as before, 
D — the Diameter 
| That) Þ <=: the . of any propoſed Circle; ; 


—ꝓ—— ͤ— 


. * 2 
N © 
ms a ne ed —— — > S ba rr oe, 5 


A = the Area 


| 
| 
| „ Probl, 15 'D Lo given, to Py P. 
| Then] 11: 3,1416: : D: P, per Theorem 3. 
A ER 1 N 
1 Examp.| I Suppoſe D 32. Then gate 32100, 
f 5 I Periphery. 5 
| 1 Proll. 2. D being given, 15 7 A 
| 
| 


4:44 $4 1:3 05858 DD: 4, per Theorem 6. 
3244 855 DD = A K 


1 


Suppoſe D = 32 (as before. * | to 
1 Examp. | DD = 32 x 32 = 1024 | 

4 "FS + 49 170 $4 x: 1024. = 804,2490, the Area requir'd, m 
And | Probe. 2::-E being given, to find TX: A = I 
= 3 P becaule + 4 = 0,3183 

4 * 5 D = . 3.1415 ee. . P =D. 

be | Thie, being only Conve: rſe to thefirſt, needs no Exam 


ors 


3 EE f 22 


77.80 99,8895 0,7854 
2 


12 


ET] to Superficies and Solids, | _4p 


= For] [arrears 1,2732 
A 


loox &c. 12 PP = 12,5664 4, er PP = = 


Prob. 4. P being given, to find 4. 
2 &*| 69,86965 DD = PP 


6 * 75D , or o, 1o132 PP= DD 


95585 
, or 1,2732 1 D 


18D 
: 0,7854 


4 — or 0,10132 PP = = 22732 A 


* &c. 3 or 0,07957 PP=  . 
— 5 re 5. A being given, to find B. 
8 . 1 = * , or D = v/ 27824 


7580 54 f 
Prob. 6. A being given, to find F. 
. 


1 


* 50,0795 / 


12 129 473 P = EY 1256644, or P „ 


= 2 


Theſe fix Problems contain all the as that can be pro- 
poſed about finding the Periphery, Diameter, and Area of any 


r , 


| Circle. 


But if it be required to find the Area of any Segment, or Part 


| of a Circle cut off by a Chord, that Work will require a farther 


Conſideration. 

Firſt, As to the Data, there muſt always be given the Dias 
er; or, either the Periphery or Area of the Circle, in order to 
lind the Diameter. 

Secondly, There muſt alſo be oiven, either the Chord, which 
is the Baſe of the Segment, or the verſed Sine, which is the Height 
of the Segment. That is, either B &, or A E, in the following 
I:veme, mult be given, that ſo the Area of the A BCG may be 
found. Then it's evident (by the Figure) that, if the Area of the 


| A BCG be taken from the Area of the Sector CB A G, the Re- 


mainder will be the Area of the Segment BAG. And if the Area 
of the Segment B AG be taken —— the whole Area of the Circle, 
the Remainder will be the Area of the other Segment D B G. 


Ge g | Exam 


OY * W 
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Examples in "Numbers. 


Leet there be given D A = 32. as in 
Prob. 1. and the verſed Sine AF=6; 
then 2 DA=BC=CA=16, and 
4 CFS io. But BC 
— OCF= BF. Conſequently 
JU = F BE, viz. 156 = 
12,49 =B F. 
Then, by the Doctrine of plane Tri- 
angles, the Arch BA= LBB C A may e 
be found in Degrees and Decimal Parts. Thus B C: Radius:: 
BF: Sine L BUF = 51, 31 Degrees. chen it will * 
ways hold in this Proportion; 


As the Circle's Periphery in Degrees : is io its Periphery i in 
iz. equal Parts (according to the Dimenſions taken) : : So it 
5 the Arch in Degrees (viz. L BCA * to the 12 Arch 


1 equal Parts. 


That is, 360: 100, 5312: 51,310 : 3 = 34 
Then 14,3284 x 16 = ="229;2 544, the Area of the Sefor BCAG; 
and 12,49 X 10 = 12449 the Area of the A BCG. Their Dit 
| ference 104, 3544 = the Area of the Segm. BIA GW. 

Or the Area of any Segment may be e found (as moſt 
uſually it is) by a Table of the Segments of a Circle, whoſe Area is 
Unity, or 1. The Conſtruction or making of ſuch a Table is very 


well laid down in Mr. Darie's Book of Gauging, Chap. % wich 
he performs in this Problem. 


PROBLEM. 


In a Cirds whoſe Area i is Unity, lt its Didier cut by Chord OW 
into 1000 equal Parts, to find the Segment to any verſed Sine pro- 
Pos d, not exceeding 500 of thoſe equal Parts. 


1 Multiply the verſed Sine propos'd by 0,002, and aun th 
Product from an Unit, or 1 


2. This Remainder you ſhall ſeek in the common Table of Ne 
' tural Sines, (the Arch being divided into Degrees and Centeſimals 
which being found, let its Co- arch be doubled, and called A. 


3. You muſt find the correſpondent Sine to A; which Sine being 
found, you may call S, and then it holds 6,28318 53) 0201 7453 
2925 4 —& (= the Segment required. 
Not 


I 
70- 


the 
Ne 
als) 


ein? 
453 


 «pph'd 4e Superficies and Solids, 411 
Nou this Segment being thus found, if you ſubduct it from an an 


Unit, you have the Co-ſegment, 


Note, Notwithſtanding what has bin Bid! in the ſecond Precept 


of this Problem, it very often falls out that the Remainder there 


ſpoken of cannot be truly found in the Table of Natural Sines; 
x $6" Rag in this Caſe my Advice is, that you make two Opera- 
tions, one with a Sine the next greater,. and one with a Sine the 
next leſs ; and in fo doing you will be ſure to have the Segment 


required bounded between the Reſults of thoſe two Operations, 
Example, Let it be propoſed to find the correſtentine Segment to the 


verſed Sine 263. 
Finſt, 263 X 0,002 = 0,526, and 1 — — 0,526 = = : 0,474, its 


Arch is 28,299 being leſs than juſt ; its Complement is bie, 


which being doubled is 123,42 = A. 


Then ,0174533 4 2, 154086286 


2. 8346556 =8 the ger A 
1 6,2831853) = = 1,3194 30686 (0,209993 the _—_—_ 
No I mate a ſecond Work. - - 


263 being multiplied with 0,002 is 0,520. and 526 20, 474. its 


Arch is 28, 30“ being greater than juſt; and its 2 Is 


61,709, which being doubled is 123, 4 A. 525 


Then 0,0174 A=2,1537372 
ans — 0,8348478 = 8 the Sine of 4. 
6 2831853) 1,3188894. (0,209907 the Segment. 


So you ſee by theſe two Operations that the Segment | is bounded, 
and *tis very probable it may be o, 20995. ] 
But to abbreviate this large Factor, and this-large Diviſor, 5 


ſhall here inſert two Tables of them, which will be . for 


Uſe, and exact enough too, 


¶ Diviſor. = * after. | Thus far Mi. Darie, which T 
6, 28321] [,0174533|/1] have here inſerted to ſhew the 
12, 56642 |,0349006|2| Learner how, by the Help of 
[18 8405 3 05235993 theſe two Tables, and a Table 
2513274 |,obgo8r32|/4| of Natural Sines, he may eaſily 
31, 41595 |,o872665|5| make a Table of Segments, whoſe 
37,5991 f, 10471976 Ute ſhall be ſhewed farther on, 
43,9823]7| 4, 12217307] wiz, when I come to treat of 
5 50,205 5|18| [,1296263|8 prion Gauging. In the mean 
59,5487 9 | „15707969 ime I ſhall here lay down ano- 


— ther Method to find the Area of 
Gg g 2 any 
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any Segment of a Circle (very near) by a new Theorem, without 
the Help either of a Table of Sines or Segments, having the ſame 
Data as before in Page 404. 
der Diameter of the given Circle. 
Vis. La] 


C= half the wer of the Segment's Baſe. 


| Theoꝛem. 1 2 =— ood X GA $, the Area of the Segm. 


12 R＋? A4 
Example. Suppoſe R=BC = 16, d = "BG = 
C= BF=12,49; as before, 


10, 5 and 


Then 24 RR 50), 3333. 1 I r - 2133333 dd =100 
— 31343333=1 7 Kd + dd 


* R + 4 = 34) 284,0000 (8,3529. Laſtly, 8,3529 x 1249 
= 104-3276 * Area of the TO BA G, as before. 


THEOREM vn. 


4; Squares are to 2 Ares! s of their cle . | a are Pa- 
| rallelograms to the Area's of their inſert bed Ell pfes. 


Area:: ſo is the Rectangle of the Tranſverſe and Con- 
jugate Diameter of any Ellipſis: ; to its Area. 


That 1 
Demondration. 


Gn nd any life with a Circle; 3 and ſuppoſe an infinite 
Number of Chord Lines drawn therein, all parallel to the Con- 


jugate Diameter, as thoſe in the annexed Figure; then it will 


Conjugate Diameter of the Ellipfis : : 7 is (BaB) ay 
Chord in the Circle: þ ab) its Orr Ordinate in the 
Ellipſis. 


For according to the property of the Circle, 


1 (D A) the Diameter of the Circle: Is to (Nn) th: 
be 


itil —TaxTeo=08e 5 
And} [by the Property of the Ellip/is 25 
it is 2 OTC. 0. NC::TS—TaxTa: Oba 
r, 230% TC: ONC:: 0 B4: ob PN 
3, Hence[4|T C: NC: B's: ba: : 
Conſeq. 52 TC: 2 NC: V 
That is 6 DA: Nn: 34 bab 
puh B 270 and dq 2 NC 
Then fs D: d:: Chard Ba B: Ordinate h à b, &c, 


1 = the Difference between the verſed Sine and Radius, 


As the Square of the Diameter of any Circle: is to its 


But 


4 fi 


But 


abi 


e to Suparfcies - and Sola, | 4 3 


at * n 


— 


But the dum of an infinite Series of ſuch Chords, as B a B, do 
conſtitute the Area of the Circle, by Definition 3: and the " Hl of 
the like Series of their reſpective Ordinates, as h ab, do conſtitute 
the E Uipfhs Area, by Definition 4. Therefore D: d:: Circles Area: 


Ellipſiss Area, by Lemma 6. But D: d:: DD: Dad. Whence 
it follows, that D D : Cird#s Area:: D d: Ellipfe Area. Q. E. D. 


Conſequently, as 1: is to o, 7854 :: ſo is the Rectangle or Product 


of the Tranſverſe and 9 Diameters of any Ellipſis: to its 


Area, 


Example. Suppoſe 7836. and NV 161 then 36 16= 576, 
Z and 570 x 0,7854 = 45243904 the Area of the Elipfe. 1 


c orollaries, 


1. Hence it is oy" to conceive, that the "RO Root of the 


Rectangle or Product of the Tranſverſe and Conjugate Diameters 
will be the Diameter of a Circle whoſe Area will be equal to the 
Ellipfis's Area, viz. uy 576 = — 24 the Diameter of a Circle = % 


the Ellipſis. 


2. All Segments of an Ellipſis and its circumſer thing "Circle Nebel 85 
Baſes are parallel to the Conjugate Diameter, and of the ſame Height) 


are in Proportion one to another, as their Baſes are. That is, 


BAB: bab: : Area Segment BN B: Area Segment b N; or 


TS:Nn: : Area Segment B NB: Area Segment bNb. 


THEOREM vm. 


The Area f every Ellipfis i is a mean Proportional between the Area's 
| of” its IN and inſcribed Circles. 


The Tah of this Theorem may be 27 & deduced how the laſt ; 
for ſuppoſing D = 7, and d = Nn, IP 

as before; then it is already proved, 
that DD: D A4: : circumſcribing 
Cirde's Area : Ellip/is's Area. But 
DD: Dd: : Dd: d d. Therefore 


a 
a q - 
p 4 LEI bob -- r 2 2 * — — — — hd 


Ellipfis's Area: inſeribed Circles A. 
rea: D Ad: dd. By Theorem 6. 


Example. Let TS8=D= 36. and Nn = 4 16, as before ; 
then DD = 1296, and dd = 250. 


Then 


—— — rw” 
Derr — 


— . —— ——— a 


| 
ö 
| 
x 


rt 7 Ss ay > IS 
7 y . 
Py toe —-V 


— 


— + 3 4 
r e ate ta ae —_ 


Pas nw — 


c _—_— — 


Tbe Arithmetick / Jnfinites Part v. 
* 1 1296“, 7854 = 101), 8784 the great Circles Area. 
Then will Fe eg” 54= 201,0024 the leſſer Czrcle's Area, 
- Suppoſe 4 = the EZipſis's Area; then, according to the Thee. 
rem, it will be, 1017,8784 : 4: : 4: 201,0624. Ergo 4 A4 
10178784 x 201, 624 204657, 7401216. Conſequently 
* 204 e = 452, 3904 = A, the Area of the Ellip- 
is, as before in the laſt Example. . 


Corollary. | 


From hence it follows, that all Segments of an Ellipfs and its 
| #neribed Circle, whoſe Baſes are parallel to the Tranſverſe Diame- 
ter, and have the ſame Height, are in Proportion one to another 

as the Area's of the Ellipſis and Circle are. That is, Area of Cir- 
ck: Area of BElliphhs : : fr N: Segment BN B, Or 

Nun: TS: : Area Segment b N: Area Segment B NB. 


THEOREM IX. 


The Solid Content of any Priſm (what Figure ſoever its Baſe is 
of) is obtain d by multiplying the Area of its Baſe into is 
Hlagbt. , Ew 
Por inſtance, a Parallelapipedon (or ſquare Priſm) is conſtituted 
of an infinite Series of equal Squares; that of „ J 
its Baſe BA being one of the Terms, and its D T8 5 
Height DB, or G A, the Number of all the f.. 
Terms. Conſequently, the Area of BA Ag e. 
D B = the Sum of all the Series (by Lemma 1.) rs | 
- which is the Solidity of the Parallelopipedin DB 
GA, by Definition 10. 2 


Example. Suppoſe the Side of the Baſe BA pi 
= 16 and the Height DB=42; then will + © : 
16 x 16 = 256 be the Area of the Baſe, and 3 i 
256 x 42 = 10752 the Solid Content of the +: n 
Parallelopipedon D B G A. 5 G. be 

In this Manner you may find the Solidity of all regular Pons. 
nous Priſms, whoſe Baſes (or Ends) are parallel and alike, whit 
Form ſoever they are of, that is, whether their Baſes are Triangit 
Pentagons, Hexagons, or Oftagons, &c. Red 


T H E O 


. — 8 
_apply'd to Superficies and Solids, 413 
OO THEOREM x. 
Every Pyramid is the third Part of the Priſm, that hath the ſams 
e Baſe and Height with it. 75 * 


That is, the Solid Content of the Pyramid B V (in the laſt 
Figure) is one Third of its circumſcribing Priſm DB G A. 


* 


= _._ Demonſtration, Oe IT I 
For every Pyramid that hath a ſquare Baſe (as BA ba, in the laſt 
| Figure) is conſtituted of an infinite Series of Squares, whoſe Sides 
or Roots are continually increaſing in Arithmetick Progreſſron, be- 
ginning at the Vertex or Point / (See Theor. 2.) its Baſe B A a, 
being the greateſt Term, =LL ; and its perpendicular Height VC, or 


DB, the Number of all the Terms, = N; but NL = $ the Sum 
of all the Series, by Lemma 3, and $= the Solid Content of the 


Example. Suppoſe the Side of a Pyramid's Boſe be BA = 16, 
and its Height be VC = 42, Then 16 x 16 = 256 the Area of 
„ r 4D ..- 20x42. : . 

its Baſe BAB and = 3584, or 2- x 42 = 3584 


or thus, 256 x *2 = 3584, is the Solidity of that Pyramid B VA. 
1 Corollary. | * 
From hence it will be eaſy to conceive, that every Pyramid 
is 3 of its circumſcribing Priſm, what Form ſoever its Baſe is of, 
Viz, whether it be a Square, Triangle, Pentagon, &c. 
THEOREM XL. 


The Solid Content of every Cylinder is obtain'd by multiplying the Area 
F, its Baſe into its Height, Ons 


For every Right Cylinder is only a round | 
, Priſm, being conſtituted of an infinite Serien |. 
of equal Circles; that of its Baſe or End be- 
ge: Ing one of the Terms, and its Height BD is the 
| Number of all the Terms, Therefore the Area 
ei of its Baſe B 4, being multiply'd into D B, 

will be its Solidity, by Lemma 1. viz, Let D = 
0 B A, and H=GA, Then o, 7854 DD « H 

= its Solidi xxx. „ 


Example. 


Example. The the Dancer of its Son be D = 16, and its 
Height H= 42. Then 1 : 0,7854 :: 16x 16 = 256: 201,0624 
the e of its Baſe. And 2010624 1 = = 84440208 the 
Solid Content of that Cylinder DBGA. 


Corollary. 


Hence it is grind that every ſquare Parallelepipedon is to its 
inſcribed Cylinder, as 1: is to o, 7854. Or in whole Numbers, as 
452 : to 355 very near. And that all Priſms are in Proportion to 

0 their inſcribed Cylinders, as the Ares 5 of their Baſes are. 


THEOREM XII. 


5 The Curve Superficies of every Right Cylinder is ; equal to the Ref. 
angle made of its Height into the r of its Baſe. 


T hat is, 'DB, multiphy'd into the. Peridhery of the e 
B A, will produce the Curve Superficies of the laſt Cylinder D 
G A. For the Cylinder is conſtituted of an infinite Series of equal | 
Circles (according to the laſt Theorem.) Therefore its Curve Su- 
þerficies is compos d of the Peripheries of thoſe Circles, by Definition 
20. But the Perihhery of its Baſe B A is one of the Terms, and 
its Height D B is the Number of Terms. Therefore, &c. as by 
Lemma 1, To which if there be added the Area's of both its 
Ends (or Baſes) the Sum will be the Swperfictes of the whole Cy- 
linder. 
Example. Suppoſe the Diameter of its Baſe to be BA = 16, 
and its Height D B = 42, as before; then 1: * 31416 : : 46: 
50,2656 the Periphery of its Baſe. Again, 1 : 0,7854 : 16 * 16 
| = 256 : 201,0624 the Area of each End or Boſe. 
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Then 50,2656 x 42 = 2111,1552 the Curve Super ficies, to 
which add 201,0204 x25 402,028 both the End Area's. 


The Sum = 2513,2080 is the Superficies of the 


f hole Cylinder. 


n — . * 1 Y 
* 2 ” by ” 
— T3” __ 222 3 ta „ 


THEOREM XIII. 


Every Cone is the third Part „ Cylinder, baving 1 fame Baſe 
with ity aud Weir e equal, (49; e. 12.) 
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3 : 22 — — ABR - ee 


Demonftratfon. 


The Truth of this Theorem may be eaſily conceiy'd by only 
conſidering a Cone as a round Pyramid,. and therefore it muſt 
needs. have the ſame Ratio to its circumſcribing Cylinder As 
boy yok Pyramid hath to its circumſcribing Parallelopipedon, viz. 

: to 3. However, to make it yet clearer, let it be farther 
ee that every Right Cone is conſtituted 
of an 22 Series of Circles, whoſe Diameters 1 
do continually increaſe in Arithmetick Progreſ- 
ſim, beginning at the Vertex or Point V, the Area 
of its Baſe B A being the greateſt Term, and 
its perpendicular Height T C the Number of 
all the 7. erms 3 therefore the Area of the Cir- 
cle BAx + V C will be the Sum of all the Se- 
by Lemma 3, Which is the Cone 5 Solidity. 


Example. Let the Diameter of its Baſe be 
BA = 16, and its Height C 42; Then 
'T; 0.7854 : : : 16 X 16 = 256 : 201,0024 the Area of the be Baſe; 


ang 292062442 — = 2814,8736 the Solidit of the Cone BY A. 
_ 
Or thus, 01,0624 0 4 So” = 2814,8736, Oc. 


Corollary. 


Hewes it follows, that every gene Pyramid is to its inſerib's : 
\ "any as I: 0,7854. (Or as 452 : 355) conſequentiy, that all 
6 W Pyramids have the ſame Ratio to their inſcrib'd Cones as the Area's 
of their Baſes have. 


0 THEOREM XIV. 


The Curve Superficies of every Right Cone is . to balf the Rea 
he 
angle of the Periphery of its Baſe into the Length of its Side. 


The Truth of this Theorem is ſelf-evident from the Definition 
of a Cone, Chap. 1. Part IV. where it appears that the Curve 
I Super ficies of every Right Cone (as BYA) is equal to the Area of a 
0 Sector of that Circle whoſe Radius is the side of the Cone (/B) 
and its Arch equal to the Periphery of the Cone's Baſe (BA). But 
dhe Area of any Sector is equal to half the Reclangle of the — 
on⸗ into its Arch, by Theorem 4. T herefore, c. 
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re Arithmetick of Infinites Part . 


anl. Suppoſe the Length of the Cone's Side / B, or 
VA = 42,7551, and the Diameter of its Baſe, v:z. 54 2 16 
(as before) then will 50, 2656 be the Periphery of its Baſe, and 


528 — 107445553 Se. the Curve of the Super- 
2 
fictes; to which if there be added the Arca of its Baſe, the 


Sum will be the Superficies of the whole (viz all the) Cone. | 
That is 1074, 5553 
+ 201, 0024 the Area of the Baſe. 
Sum 1275,6177 is the total Superficies, &e. 
Note, The Truth of this Theorem may be prov'd from the Gif 
deration of the laſt e and Definition 20. 


"Scholl, 


his the oth and 1 3th Theorems may be Ne deduced ſev 1 
| Theorems for finding the ſolid Content of any Fruſtum or Part ei- 
5 ther of a * or Cone, cut by a Plane Parallel to its Baſe. 


1 a ſquare N as B 2 to be 3 
cut by a Plane at a b, parallel to its Baſe "GH. 
BA, and it were requir'd to find the Selidi= - 


ty of the Fruſtum or Part ab A; let there 
be given D BA the Side of the greater 
Bale, d = ba the Side of the leſſer Baſe, i 
H= == ce the perpendicular Height. | 1 : 


FF; 
Filly nD—d: F: d: a £6 by the Figure. 


2 
By W 10. 


| ons H+VC = the whole Pyramid B V. A. 
And 3'dd x F-C-= the Pyramid aVb cut off. 


Then 2 


| 
= ies: [2.3 | 214 8 = the whole Pyramid B VA. 
And 1, I 5 1 1 = the Pyramid a Vb. 


= the Fruſtum a AB. 


be DDD H—dddH_ 
41251001 — 
25 | 2D — 24 

6 Reduce. FVD +Dd+ dl x "1 = Fm b 
| Which in Words gives this following Theorem. 


THE 0» 


9 


* 
* 


„ 6 


. 


, Superſicies and Solids, 


THEOREM XV. 
To the Rectangle of the Sides of the two Baſes, add the Sum of their 
Squares; that Sum, being multiply'd into one third of the Fruſ- 
tum's Height, will give its Solidity. ; Eo 
Example. Suppoſe the Side of the greater Baſe B A = 16 and 


the Side of the leſſer Baſe (or Top) ab = 12 the Height CP= 9, 
Then 16 X 12 = 192. 16X 16 = 256. and 12 X 12 = 144. 


Next 192 I» 256 + I44 = 592. and 59222 — 1776. Or 592 


x 2 = 1776 the Content of the Fruſtum of a ſquare Pyramid. Z 
And if it were the like Fruſtum of a Right Cone, it may be 
found by the ſame Theorem. Suppoſing D = the Diameter of the 
reater Baſe, d = the Diameter of the leſſer, and HY the 
fie ht of the Fruſtum, then the Sum of all the Squares which 
conſtitute the Fruſtum of a ſquare Pyramid, are to the Sum of all 
the Circles which conſtitute the like Fruſtum of a right Cone, in 
the Ratio of 1 : to 0,7854 (or of 452 : to 35 5) therefore it will 
be 1: 0.7854: : DD + Dd + d4dx 4 H: 0,9854 0 D + 
0,7854 Dd + 0,7854 dd x + H = the Cone's Fruſtum, that is, 
in the laſt Example, 1: 0,7854 : : 1776: 1394,8704 the like 
| Fruſtum of a right Cone. Or, becauſe == 1.273236, Ce. 
Therefore it may be made 1,273230) PO + Dd A dd X H 
( = the ſame Fruſtum; that is, 1, 273236) 1776 (1394, 87, Sc. as 
before. And if you take the Triple ot this Diviſor, viz. 1,2732306 
| X3, it vil be 3.8197) DD r DaF Ax H(= the Prom, 


5 Again, 

Suppoſe! 114 = D- , and F — the Fruſtum 
Then 2 DD Dd + dd = by the 7th Step of the laſt 
18. 30 X DD—2Dd+ dd 


| 


2—3 413Dd= 3= ax 


8 | F : 0 3 . 3 F 
4 3 5 Ddr, or Dd TIN =—- 
5X H\ 6'Da++4xxx H= F the Fruſtum ab A B. 

Hence we have another eaſy Theorem for finding the ſame 


. Proflum, | 8 
H hh 2 THE O- 


* 


420 Tee Arithmetick of Infinites Part V 


THEOREM XVI. : 
To the Rectangle of the Sides of the two Baſes, add one third Part 


of the Square of their Difference; that Sum, being multiply'd into 
the Height, will produce the Solidity. : 


Example. L D = 16. d= 12. and H = 9, as before; 
then Dd= 192. DP 4 4 = K. i xx = 3 2853332. ani 


192 + 5,3333 = 19,3333. Laſtly 197, 3333 x 9 = 1775, 
9997 the Solidity of the Fruſtum of the ſquare Pyramid, as before. 
And 3, 8 1968) 1775,9997 (1394, 87 Sc. the like Fruſtum of 2 
right Cone, as before. ZZ gpl)! 
Either of the two laſt Theorems (being rightly apply'd) will 
produce the true Solid Content of all Fruſtums of any kind of Py- 
ramids, that are intercepted between two parallel and alike Planes 
or Baſes : As above. e 
But if ſuch Fruftums are cut through the Extremities of both 


the 0 


Baſes by a Diagonal Plane (as A in the . 
annexed Figure) into two Parts, A ab 
and A BW, call'd Ho,; then the Soli- 
dity of thoſe Hoofs is uſually found by 
_ dividing the middle Term D 4 of the 
Aquation D D + Dad + dd into two 
Parts, and adding one of thoſe Parts to the 4 


Square of each Baſe. Thus, D DF: D 1% 


IS the greater 


BE, EST, 8 
Hoof A Bb, and dd +; Dd x H H= the leſſer Hoof A a b of 


he Fruſtum of any ſquare Pyramid. Then 3,8197) DD + Z Dax 
H (=) the greater Hoof of a Cone. And 3,8 10% dd + 1 Dd x 
H(=) the leſſer Hoof, &c. NE HEIDI GET x99 

| Theſe are the Theorems made Uſe of by Mr. Darie, in his Book 
of Gauging, and are pretty near the Truth, but not exactly ſo ; for 
they give the Solidity of the upper Hoof A aB a ſmall Matter too 
big, and the lower Hoof A Bb as much too little. 55 
Nou, in order to rectify that ſmall Error, I ſhall here propoſe 
the two following Theorems, which are exactly true, and are 


more eaſily pei form'd than thoſe propoſed in: mer Impreſſun 
of ths Boles. propoſed in any former die 


ER to 5 Superfcies and Solids. _ * 421 


Firſt, 7DF BT D as. H will be bs ala of the ior 
Huf A B b. 


Secondly; 2 7 7 1 x H will give the Gu of the leſſer 


3 
Hof Aa b, of the Fruſtum of any ſquare Pyramid. | 
And for the like H of the Huſfun of any right Cone, i it will be ; 


Thus # 0640) DD—9\ * BA x . 1 fe 1 n the 3 ch 
| , 3 3 xD—4 
: ,2618) D * = * — 35 (S the leſſer Hof. 
3x D—d 


Note, In order to avoid many Wards in the following Demonſtra- 5 
tions, let O /ignify any Circle in general; and if any two Letters be | 


| joined to it, thus, O B A, &c. it then denotes the Area f A a : 


Circle as eboſe two Letters repreſent the Radius Wo 


? THEOREM XvIL. 


The Superficies of every Sphere (or Globe) is equal to four Times 
the Area of its greateſt Circle. 


That is i of a Circle whoſe Diameter is the Aris of the Sphere 


Demonſtration. 


If any Semicircle (as ATG) be turned or r moved about its 
Diameter (TS) it will deſcribe a ſolid Body call'd a Sphere, which 
will be conſtituted of an infinite Se- T. 
ries of concentrick or parallel Circles, 
whoſe' Diameters are Chords, viz. © 
ab, © ed, © ef, &c. by Definition 14. 
Conſequently, the Superficies of the 
Sphere will be compos'd of the Peri- 
pheries of thoſe Circles which conſti- 
tute its Solidity, by Definition 20, 

Let D = T'S, the Axis of any > ns 
Sphere. Then, according to the Ne- PE 8 


perty of a Circle, it it 


will beſxſD—T6x Tb = 0 ab 

That is, 2 BD xTb— © Tb = 0 4b 

Thereforeſ3}DXT = Q a7, for d = g «7, 
UID «TE OyT, &c. 


* All former Errors in the Theorems for meaſuring Kofi a are by the above Rules, 
entjrely corrected, - 


Hence 


2 12» e 


— 


422 Tg The arithmetick of Innes | Part V. 


** 


ende 'tis s evient, that the Series N 4 7, Ne 7. 95 T, &, 

are in the ſame Ratio with Tb, Ta, T f, &e. viz. in Arithmetick 
Progreſſion: Whence it follows, that the © aT = the Sum of all 
the Circle's Peripheries between T and h, and Oe T = the Sum of 
all the Circle's Peripheries between Tand d, &c. Conſequently, that 
the © 4T—=the Sum of all the Circle 's Peridberies included between 
T andC; that is, @ AT = the Superficies of the Hemi. ſphere. And 
becauſe DO AC. + AG UA, ado Ae; 

Therefore G AT = 2 @ ACis the Superfictes of the Hemi- - ſdhere, 


ny 4 © A C will be the Superfictes of the whole Sphere. 


Q. E. D 


. Example. Suppoſe the Axis TS=D=16. Then DD=2 256 
And 1: 0,7854: : 256: 201,624 = © AC, for D = AC. 


Then 20,0624 x 4 = 804, 2496, the Super ficies of the whole 


Sphere. Or, becauſe 3,1416 is four times 0,7854, therefore it 
will always be 1: 3,1416:: DD : 3,1416 DD, the Superficies of 
the Sphere 5 before); and it is equal to the curve Super ficies of the 
right Cylinder, whoſe Diameter and Height are each = D the Axis 
of the Sphere. For 3,1416 D = the Periphery of the Cylinges's 
| Baſe, and that, multiply'd with D its Height, will be 3,1416 D D 
the curve Superficies of the Cylinder, by Theorem 12. And if to this 
there be added the Area of its two Baſes (or Ends) viz. .1,5708 
DD D, then 'tis evident, that the whole Superfictes of the Cylinder 
wall be to that of the Sphere i in the Proportion of JOS.» 


$8 chalium. 


From the Method here aſed | in proving the laſt Theorem *twill 
| be eaſy to find the curve Superficies of a 7 Segment or Part of a 
Sphere that is cut off by a Right Line or Plane, viz. ſuch as the 
Segment aT m in the laſt Scheme, whoſe curve Superficies is 

© @T (as above). Therefore (becauſe 45 T= U 
it will be © ab + © 2.0 = the curve ao of that Seg- 
| _ | 


But if the Able T'S, and Height T U, of the Lani are giren, 


then will it be 7 S* T6 = Q aT; as in the third Step above, 
| Vhich gives this Proportion or Theorem ; ; 


 Yi&e 


CY nnd iv oa a. -. POE Pg” 


, 


the indefinitely ſmall equal Parts Cf}, fd, 
4b, &c. into which CT is ſuppoſed to be 


| divided, be each called x, and ror be put 
1 | : „ Ss 

for the Radius of the generating Circle, we 
| ſhall have rr —xx, rr —4xx, rr — 


| 9 xx, &c. for the reſpective Squares of 


EI gx 273 


— 


ap d ro Superficies and Solids. 423 


— 


15 ö As the Axis of the Sphere : is to the whole Superficies of the 
Viz. © 


Sphere :: ſo is the Height of any Segment: to its curve 
Superficies. OE » fp „ 

To which if there be added the Area of the Segment's Baſe, the 

Sum will be the Superficies of the whole Segment. 


THEOREM XVIII. 2 

Every Sphere is equal to two Thirds of its circumſcribing Cylinder. 

That is, of a Cylinder whoſe Height and Diameter of its Baſe 
are each equal to the Axis of the Sphere. 

„ 5 

According to the Work in the laſt Theorem it appears, that 


© ab, Oe d, © / &c. do conſtitute the 
Solidity of the Sphere; and therefore if 


Cy, Ce, Ca, &c. But, by Lemma 3. the 


dum of rr —xx + rr —4xx+rr—90xx, &c. where the 
Number of Terms is repreſented by T Cor r, is expreſſed by r3 — 


or —, x being expounded by Unity; therefore 27554 X D' 


| the Solidity of the Hemi-ſphere AT G, and conſequently ,7854 


* — that of the whole Sphere. 


Again, © 7C * TCS o, 7854 DDx;D =0,1309 DPD, 
then o, 3027 DDD—0,1309 PDD So, 2618 DDD the Solidity of 
the demi ſpbere AT G, conſequently, o, 2618 DDD x 2 o, 5236 
DDD will be the ſolid Content of the whole Sphere, which is equal 
to two Thirds of the Cylinder whoſe Diameter of its Baſe and 


Height = D. For 0, 7854 DDD = the Solidicy of the Cylinder, 


E 


by Theerem 11. But Z of O, 7854 PDD g o, 5236 PD; as be- 
ſote. Therefore, Cc. as by Theorem. 5 on 


Bxam- 


He: 


424 Tue Arithinetick of Jnfinites — Part V. 
Buample. Suppoſe the Axis D = 16, then DDD = 4096, and 
\ x : 035236 : ::4096 : 2144,6656 the ſolid Content of that Sphere, 


Corollaries. 


1. Hence it appears, that the ſolid Content of every Sphere is 

. equal to its Super ficies multiply'd into one ſixth Part of its Axis. 
For its Superficies is 3,1416 D D, by Theorem 17. But 3,1416 x 
3 DS o, 5236 DDD the ſolid Content, as before. 15 


2. And hence 'tis alſo evident, that there is the like Ratio or 


Habitude between the Cube and its inſcrib'd Sphere, as is betwixt 


the Sguare and its inſcribd Circle; and that is, as the Superficies of 
any Cube: is to the Superficies of its inſcrib'd Sphere : : fo is the 
folid Conterit of that Cube : to the ſolid Content of the Sphere. [See 
the Circle's Proportion, Page 407.] For if D = the Side of tha 
Cube, then 6 D D= its Superficies, and DD D = its Solidity ; and 
3,1416 DD =the Sphere's Superficies. But 6 DD: 3, 1416 DD 
: DDD: o, 5236 D DD the Solidity of the Sphere; as above. 


| K 


From the Proof of this Theorem 'twill be eaſy to deduce or 


” raiſe Theorems for finding the ſolid Content of any Fruſtum or Seg— 


ment of a Sphere; as a Tm in the laſt Figure. For we there ſup- 
| poſe the Segment a T m to be conſtituted of an infinite Series of 
Circles, which have the ſame Ratio with all thoſe Circles that con- 
ſtitute the Se-mi-ſphere. Therefore it follows, that © at x T6 

—@©bT x + T b will be the Sum of all the Circles intercepted 
between T and 5. Conſequently 'twill be the Solidity of that Seg- 
ment. And becauſe A ab + U Tb= 0 aT : therefore 
 ©ab+OTbxiTb—O©T b x = the ſame Solidity. 
Let c = ab half the Segment's Baſe; h = Tb its Height; and 
S= the Solidity of the Segment or Fruſtum : Then © ab = 3,14 
16 cc, and © Tb = 3,1416 hb. Conſequently, = 
D __ 1416% = 6, which being reduced 

5 | „„ 

will become Zech f hx o, 5 236 = 8. Or 1, 90985 5) Zcch A- bbb 
(= 8. for o, 5236) 1, 0000 (1, 909855. Which is one Theorem 
for finding the Fruſtum's Solidity. N 
3 


Note, 


# A * — 2 8 * 


— 0 2 | 1 


— — — — — — b Q 
' «pply'd to Superſictes and Solids, 425 
| Note, Here we ſuppoſe the Height of the Segment, and the 
Diameter of its Baſe to be given; but if the Axis of the Sphere, 
and the Height of the Segment be given, then putting D = the 
Sphere's Axis, 5 = the Segment's Height, and c as before, twill 
be D- * hg cc, viz. Db. Therefore 3 Dbb—2hbb 
—=3cch +hhh, conſequently 3 D- 250% x o, 5236 = 8, 
| the Fruſtum's Solidity. Or 1,90985) 3ZD bb —2 bbb(=38, 
| as before. Which is a ſecond Theorem for finding the ſame Fru- 
fumaTm. ' SE e 


And if it be requir'd to find the middle Part a m N K, uſually 
call'd the middle Zone of a Sphere, then „„ 
becauſe tis ſuppoſed that a m NK, or 
which is all one, that bC=CB, there- 
fore it is plain, that, if twice the Seg- 

| mentaT m be taken from the Solidity + 

| of the whole Sphere, there will remain 

the Middle Zone am NK. But, be- 
| cauſe that Work is a little trouble- 

ſome, I ſhall here ſhew how to raiſe a 

The oor ⁰ ; ⁰ AAA v WER 

Firſt, Becauſe 4 Cx 3C=e CG = > C= TC, Therefore it 

will be  /4C—acf=OyFf odconcd=Ded. 
. 4C - C = 43, &c. Here becauſe AC. U AC. 

| OAG, &c, are a Series of Equals, and C b the Number of all 

the Terms, therefore Q AC x C = the Sum of all that Series, 

| by Lemma 1. And oa cf. on cd. no C6, &c. being a Series 
of Squares whoſe Roots are in Arithmettck Progreſſion, beginning at 
the Center or Point C, viz, o, Cf, Cd, Ch, &c. wherein the 

- I greateſt Term is © CB, and Number of Terms is CB. Ergo. 0 

e KCS the Sum of all the Series, by Lemma 3. Conſe- 

IF quently, the @ AC x CY OCX Cb = the Sum of all 
d WW fe Series © py F. Oed. G 45, &c. which do conſtitute the So- 
1 IF lidity of the ha/f Zone a m AG. And becauſe 05 {C — © C4 

24. Ergo AC -O = O Cb. Conſequently © AC 


4 NC Se SCT x 4 Ch will be che 


„ Volidity of the half Zone, |, 


Put D = AG@G=2AC.zx=am.andH=bB=2C5. 
Ten O 40 2 , 7854 DD. OG 4b = 0,7854 xx. And if 
tt, e turn the common Factor o, 7854 into the Diviſot 1,27 323, 

Iii | an 


* 3 
— — Nr = * n - 
2 — » 2 1 2 - * 


1 
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, 5236 DDD = the Solidity of one Sp 
 *Solidity of the other Sphere, by Theorem 18. But 


—_— 


* *— — 


7 be arithmetick of Tnfinites | Part V. 


and then take the Triple of that Diviſor, viz. 8197 (as before in 
the Fruſtums of Pyramids) the Reſult of the A Work wil 


—— this Owing Theorem. 


THEOR. XIX. e H= 1 * Zone 4 
en Og | — e $3 


THEOREM XX. 


Spheres are in Proportion one to another as the Cubes of their A 
|  Diameters, (18. e. 12. ) 


Demonſtration, eli apes ie 


Supnole D = the Diameter or Axis of any Sphere, and d = the 
Diameter of another Sphere, either * or leſs. Then is 
ere, and o, 585 add = the 


DD: ddd:: 
0,5236 DDD : 0,5236 dad. 


THEOREM XXI. 


Tis ale Content of every Spheroid is equal to tws Thirds of its cir- 
cumſcribing Cylinder. 


Demonttration. b 


Ke the Figure VT S N in the annex'd W to re- 
preſent a Spheroid, form'd by the Rotation of the Semi-Ellipſi 
TN S, about its Tranſverſe Axis T S (as by Definition 15.) 

Let D=T'S, the Length of the Spheroid, and the Axis of its 
circumſeribing Sphere ; ; and d= Nn, the Diameter of the greateſt 
Circle of the Spheroid. Then becauſe U TC: NC:: U Ab: 
ab, by Step in Theor. 7, therefore it will be DD: 44 2 
0 ab: 9 55 © ab, &c. But the Sum of an 22 Serits 
of ſuch Circles as O ”, b( whoſe Diameters 
are. Chords) do conſtitute the Solidity of 
the Sphere, (as before at Theorem 18) and ©: 
the Sum of an infinite Series of ſuch Cir- - 
cles as © ab (viz. whoſe Diameters are: 
Ordinates of the Ellipſis) do conſtitute : 
the Solidity of the & SPbercid, by Definition: 
14. ie: „s DB: 

0,5230 4 2 D = the Solidity of the Spe 
roid, by Lemma b. . 


ut 


_apphy'd 7 Superficies n Solids, _ 4 27 


But o, 5236 ddD = + of the Cylinder whoſe Diameter is = 4, 5 


* , by Theorem Il. | E. 


Now, ſock this Proportion between the Sphere and its inſcrib'd 


Spheroid, *twill be very eaſy to deduce Theorems for finding the 
Solid Content either of the Segment or middle Zone of any . ; 
OY the ſame Height with that of the Sphere, 


As the Solidity of the whats Sphere: is to the Solidity of the 
For ; whole Spheroid : : ſo is any Part of the Sphere : to the like Part 
of the Spheroid, by the . to Lemma 6. 5 


FP for Inſtance ; Suppoſe it were requir'd to find the middle 
Zone of any Spheroid : Let D=TS, and d = Nn, as above; and 
H= B, x= AM, as in Theorem 19, and let cg amn. Then 


as — x H=the middle Lone of the Sphere. And 0,52 360 


378 197 | 
2DD+xx 2 24% 3 x H 
0, 5236dd D:: © 4K. [IEEN Eon the 
05 3.8197 358797 348197 DD. . 
middle Zone of the Spberoid. e 


Again, DD: aa: :* *: ce, therefore © D 


566 =Cc. conſequ 5 
5 N ent- 


ly, — 4 „ . * cc X 5 which being taken inſtead 
Du 38197 38197 
of - xx4d x 55 there will ariſe this following 
3.8197 DD 


THEOREM XXII. Lagen n 


3,8 197 of the Spheroid, : 
being the very ſame with Theorem 95 


Note, 4 the Hikes Manner you may raiſe Theorems for finding the 
Segment of a e cut of at ether of its 2 & c. 


THEOREM XXIII. 


The Area of every Parabola is equal to two Thirds of its ircum. 
cribing Parallelogram. 


Demonſtration. 


Let the Figure 9.4 repreſent half a Parabsla. Make D B 
parallel to = Axis $ A, and Sd parallel to the Semi-Ordi- 


nate 4 By and ſuppoſe 8d to be divided into an infinite 


11 i 2 Series 


CERES: 
: l 


TT. 3 
—— 
, . . 
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"Toe Arithmetick of Jnfinites Pert d. 


* n 


wi 118A: AB:: Sa: U am 


But * Se gn. Sy=bp. SA=aB 
by 


SAXA 


— _ 


Series of equidiſtant Points, as /, g. b, &c. and from thoſe Points 
imagine a Series of Parallels to the Axis $A, viz. fm, gn, h p, &e. 
drawn to the Curve of the Parabola, and meeting the Semi-ordi- 


nates ma, ne, yþ, &c, Then, according to the Property of the 


Parabola, it will 


21SA: 0 AB:: Se: DOen 
38 A: AB:: Sy: U yp, &c. 


erefore alternately it will be 
3,4% 0 AB:dB:: Up: hp 
2, 50 4B:dB::Den:gn 3 4 
1,6 4B: 4B :: Un: In, &. h A B 
In theſe Proporiions am, DO en, N y p, &c. are a Series of 


Squares whoſe Roots Sf, S g, S5, &c. are in Arithmetick Pro- 
ęgreſſion, beginning at the Point S. And becauſe the Lines 55, 
gn, fm, &c, have the ſame Ratio, therefore they are as ſuch a 
Series of Squares, wherein dB is the greateſt Term, and 8d the 


Lines, by Lemma 3. But SAxXAB=4dB x84. Therefore 
= the Sum of all that Series of Lines; but all thoſe 


Nanber of Terms. Conſequently. dB x Sd = the Sum of all thoſe 


- 


Lines do conſtitute the Area of the Semi- Parabola's Complement, viz. 
the Area of what half the Parabola wants of compleating or filling 


up the Parallelogram $dAB. Wherefore SA x AB — 4 84 


XB E Lil be the {rea of half the Paratola 843. 


Conſequently, + S 4x 6 B will be the Area of the whole Para- 
Bola 5 S B. Q. E. D. | „„ aw oooh 
Example. Suppoſe the Baſe, or greateſt Ordinate, of a Paro- 
hola to be b B = 24, and it's intercepted Diameter (or Axis) be 
SA = 33; then 2SAxbB=66 x 24 = 1584. and 3) 1584 
(528 the Area of that Parabola, : en, 


: THEOREM XXIV. 


Every Parabolic Convid is equal to one Half of its circumſcribing 


Cylinder, 


Demon? 


a. 


3 apply d to — and Solids. 8 429 


—— . * , 


Demonſtration. 


If any Semi-Parabola (as BSA) be turn'd or mov'd about its 
| Axis ( 0 A) *ewill form a Parabolick Conoid, conſtituted of an 
| infinite Series of Circles, viz. Sb a, © f e, © 80 Kc. * Defi- 

tion 17. 
Now, aceording to the Property of every Parabola, it will be, 


$4:AB:: 4B: Qt = L, the Latus Reli. 


SaxL= UBA 

154278875 | 

Sy % L= U, &c. 
Here Sax L, "hrs Sy x L, &c. are 


| a Series of Termsin Arithmetick Progreſſion * 
therefore J ba, Ve, D gy, &c. are alſo 


| aCeries of Terms in the ſame Progreſſion, be- 
| ginning at the Point S; wherein Q AB is po” 
| the greateſt Term, and $4 the Number of all | 

the Terms, Therefore AB x 3; SA = the Sum of all the Se- 
ries, by Lemma 2. Conſequently, O ABA SA the Sum of 

| all the Series ©® ba, © fe, © gy, &. which do conſtitute the 

| Selidity of the Conoid, And putting D=2 AB, and H= 84, 
| Then « 0,7854DDx+iH= 0,3927 DDH will be the ſolid 

| Content of the Cond, which is juſt half the Cylinder whoſe Baſe = 
D and Height H. [See Theorem 11.] . 

This being underſtood, twill be eaſy to raiſe a Theorem for 
| finding the Fruſtum of any Parabolick Conoid. For ſuppoſ- 
ing h = a A the Height of the Fruſtum, and p S a the Height of 
the Part 5 $6 cut off; then þ + p = $4, the Height of the 


| whole Conoid,. Conſequently, LETS Solidity of 
e the whole Conoid. And ? £22 2: = the gal- 8 
| EN 
4 | dity of the Part cut off. | af 1 
* [c © ©4B«b+ Serge 
Ege 1 1 2 
5 the Solidity of the Fruſtum. 
no But 2% 2:0 AB:;2:0 be 
* I Conſeq. 3% ＋ %: O AB: pr Oba 
= 3.4 @4Bx?=©baxhb+© baxp 
n⸗ | 


3 Fi Arithmetick of Infinites Far V. 
4—©baxfp]s SBN Y —Obaxp=@baxbh 
3 6lO4Bxb+@ ABxp— Obaxp=2P 


nOABxh=2F—@baxb 
1+ ®bax] 8 OABxb+®baxh= 2 F 


8 249 © 2%, h = F the Eruſtunr s Solidity. 


let D=2 4B, as before, and d = 2 h a the Diameter of the 
Part cut off; then we ſhall have this following 


0,3927 DD +0 3927 dd *h = the 
THEOREM * 19 Solidity of the Fruftum requir'd. 
Or? DD+4d * 5 


the Fru um; for 3027) 1T,0000 =2, 6 | 
2:5407 uftur 39 7) 7 ( 54 49 
and becauſe I; 5464 3. en. 25th — = 35 81965 . i may be 


made 3,8196) DD X d 75 Xx ih fo the ſame Proflm; Sc. 


Note, The Reaſon why I have reduced this Theorem to have the 

ame Diviſor with thoſe at the Fruſtums of Pyramids, &c. 

will beft appear farther on, viz. when they all come to be 
apply'd to Pratiice in Gauging, 


THEOREM XXVI. 


PEAT Parabalick Spindle (or Pyramidoid) ; is equal to eight Fi Fifteen 
of its ctreumſeribing Cylinder, 


Demonſtration. 

If any acute Parabola, as b $ B, be turn'd or mov'd about it 
greateſt Ordinate b AB, it will form a Solid call'd a Parabolic 
| Spindle, conſtituted of an infinite Series of © ma, © ne, ©)» 
Kc. by Definition 18. 

Let us ſuppoſe the Line 8 d, parallel and equal to B, divided 
into an indefinite Number of equal Parts in the Points J. g. l. 
| &c. as at Theorem 23) then it hath already been proved, th:t 


the Lines fm, gn, bp, &c. are a Series of Squares whoſe Roots 


are in Aruhmetick Progreſſion : conſequently their Squares, viz. 
Nn, Q gn, O hp, &c. will be 
2 series of Biguadrates, whoſe Roots S 5. £ h 4 
will be in Arithmetick Progreſſion : 1,43 
which being premis'd, we may 
proceeq thus. 


1s -m = n a 
fra. 3671775 
; 84-5 P 9 &c. 


apply'd to Superticies and Solids. 431 
1 — 3 1 
20 * ls] On. SA—2SAxgn TU gz UA 
30 [[ S4 - 28 AX HTH =ap y, &. 
1. In theſe Æguations the N SA, N $A, N SA being a Series 
of Equals, and A B the Number of all the Terms; therefore it will 
be US Ax AB = the Sum of the Series, by Lemma 1. 
2. Becauſe fmy gn, h p, &c. are as a Series of Squares where- 
in SA is the + 4 pon and A B the Number of the Terms; 
e i - - = — Rs will be the Sum of all that 


1 


18˙* 


Series, by Lemma 3. | ; & | 

3. And the Og fm, i gn, Up, &c. will be a Series of 
= T-rms in the Ratio of Biguadrates, as above; dB= U $A 
| being the greate/t Term, and AB the Number of all the Terms; 
| therefore it will be ZA 


= the Sum of all that Series, by 


| Lemma 5. | 


Whence it follows, that Q $4 x 4B — 4 | 


EE «the Somor all the ain if 0.0 0 055 095; 


Ec. That is, 80 SAXAB the Sum of all the Series of Dn ma, 


| One, DO hp, OdB.&. conſequently, 27 le = the Sum 


ts of all the Series of © ma, © ne, © py, &c. which do conftitute 
> the Solidity of half the Spindle, viz. of SA B. Therefore putting 
„ DS 284, and H= 248, (viz. bAB) it will be 0,41888 DDH 
= the Solidity of the whole Parabelick Spindle b$ B, being of 
0,7854DDH the Solidity of its circumſcribing Cylinder. Q. E D. 
From hence we may alſo raiſe a Theorem for find ing the Fruſtum 
„t 4p of the laſt Figure. For @ SA being the greateſt Term. 
ots © ?y the leaſt Term, and Ay the Number of all the Terms or 
12. Circles include d between A and y, e « 


; „„ | 8 
£ Tk l Q $4 IPL Of x4 y = = the Sam 


NJ 
of all the Series US A. U ma, O e, Oz 


I x 3 23 a SA—284 x hp + 192 x Ay 2 32 


„ 


2 = fy 


432 Tus Arithmetick e Mfinites Part V. 
W 5 — — DR 
2-— Ay 5.0 8$4—264 x bp +32 = If 


2 24 __ $4 = => f 049 


5 + &c, 94 0.84+: e- 
Conſeq. SF TT 4, 2, the 
Sum of all the Series of O & A, Oma, One, Op, which 


do conſtitute the Solidity of the Fruſtum & 4 p y. ' Therefore put- 
ting D = 2.8 A, as before, C=2py, x = 2 hp, and H= Ay, 


it will be 1,570 DD + 00,7854 CC, 31410 x2 xx X + H= the 
 Fruftrm SA p y. And. if we we make L 2 2 H. Then 


1 TDD + 0,7854 CC—0,31416xx x LD = Double of 


that Fruflum, being the middle Zone. And by turning theſe Fahr 


| Into one common Diviſor, as in the Fruſtum of the Conoid at Theo- 
N P age 430, there will ariſe this dard, Theorem. + 


THEOREM XXVII. 


3 960 255 + CC—0,4xx x L (= 
the middle Zone of a Parabolick Spindle. 


10 may be here expected hart ſhould now. 3 to thew how 
the Area of any Hyperbola, and the Contents of ſuch Solids as may be 
form'd by the Rotation of that Figure about its Axis, &c. may be 
found; but becauſe thoſe Things cannot be exactly perform'd by 
any certain or ſettled Theorem, as thele of the Circle, Ellipſis, and 
Parabola have been, I have therefore omitted thas, and refer the 
Reader to Dr. Wallis's Algebra, Chap. 20, &c. or to the Philoſoph. 
Tranja?, Numb. 34, wherein he may find the Method of forming 
inſinite Series relating to the iquaring of an Hyperbola, &c. which 
are too tedious to be fully explain'd and demonſtrated in this ſmal] 
Tract, it being only intended as an Int, oduction, the which [ thalk 


here conclude, 


AN 


> : | 
DO S4— 2 TIF Dfy—0 þÞ, by Gth Ste, 


, 4 W . — : 
q : . 
%* r . e n Ye * 


— — — 3 "I 

A N 
APPENDIN 
| Gs - 5 


Practical Gauging. 


HE Art of Gauging is that Branch of the Mathematicke 
* call'd Stereometry, ot the Meaſuring of Solids, becauſe 
the Capacities or Contents of all ſorts of Veſſels uſed fot 
Liquors, &c. are computed as tho” they were really ſo- 
Id Bodies; which any one that hath made himſelf Maſter of the 
foregoing Parts of this Treatiſe may eaſily underſtand, without 


Sons 2. 0 | 
any farther Directions. 


However, becauſe 'tis not to be ſuppos'd that every one, who 
deſigns to undertake the Office or Imployment of a Gauger, hath 
made fo great a Progreſs in Mathematical Learning, I have there- 
fore preſented the young Gauger with this Appendix, wherein I 
| have only inſerted ſuch Rules as are uſeful in Gauging, and have 
been already demonſtrated in this Treatiſe. But herein, I pre- 
ſuppoſe that he hath acquir'd (or if not, tis very neceſſary he ſhould 
acquire) 4 competent Knowledge both in Arithmetick and Geo- 
, | 5 
I. In Arithmetick he ſhould underſtand the principal Rules very 
well, eſpecially Multiplication and Diviſion, both in whole Num- 
bers and Declmal Parts, (which may be eaſily learnt out of the 
2d, 3d, and 5th Chapters of Part 1.) that ſo he may be ready at 
computing the Contents of any Veſſel, and caſting up his Gauges 
by the Pen only, viz. without the Help of thoſe Lines of Num- 
bers upon Sliding Rules, fo much applauded, and but too much 
practis'd, which at beſt do but help to gueſs at the Truth; I mean 
ſuch Pocket-Rules as ate but nine Inches (or a Foot) long, whoſe 
Radius of the double Line of Numbers is not fix Inches; and there- 
fore the Graduations or Diviſions of thoſe Lines are ſo very cloſe, 
that they cannot be well diſtinguiſh'd. Tis true, when the Rule; 
are made two or three Foot long (1 had one of fix Foot) there they 
may be of ſome Uſe, cſpecially in ſmall Numbers; aſtho' even 
then the Operations may be much better (and almoſt as ſoon) 
done by the Pen: For, indeed, the chief Uſe of Sliding Rules is 
only in taking of Dimenſions, and for that Purpoſe they are very 


nyentent, | 
| K K K II. In 


1 
nnn. 


434 98 of Practical Gauging, 


II. To Clout the Gauger ſhould underſtand not only how to 
take Dimenſions (which is "beſt learnt by Practice) but alſo how 
to divide any irregular Figure or Superficies, as Brewers Backs or 
Coolers, &c. into the eaſieſt and feweſt regular Figures they will 

admit of, that ſo their Area's may be truly computed with the leaſt 
Trouble. And this may be learn'd (with a little Care and Dili- 
gence) out of the 1it, 2d, and 5th Chapters of Part III, which the 
Gauger ſhould be well acquainted with. Alſo he ought to have fo 
much Skill in Solids, as to be able, even at ſight (but this muſt be 
acquir'd by Experience) to determine what Sort of Figure any Veſ- 
fel is of (viz. any Tun, or cloſe Caſk) or what Figures it may be 
beſt reduced to, ſo that its Dimenſions may be truly taken, and the 
Content thereof computed with the leaſt Error. I ſay, with the 
leaſt Error, becauſe *tis very difficult, if not impoſſible, to do it ex- 
actly; for there is not any Tun, or Caſk, &e. fo regularly made, 
as by the Rules of Art *tis requir'd to be. | 
III. Beſides the aforemention'd, the young Gauger muß know, ” 
that all Dimenſions uſeful in Gauging are to be taken in Inches, 
and Decimal Parts of an Inch; and if they are taken in any other 
Meaſures, as Feet, Yards, &c. thoſe Meaſures muſt be reduced to 
Inches, (fee Sect. 4. Pag. 42.) becauſe the Contents of all Sorts of 
Veſſels (taken notice of in Gauging) are computed by the Standard 
Gallon of its Kind, whoſe Content is known to be a certain Num- 
ber of Cubick Inches: Thar is, the Beer or Ale Gallon contains 
282, the Wine 231, and the Corn Gallon 268,8 Cubick Inches. 
[See the five Tables, &c. in Pages 34, 35, 36, which I here ſup- 
poſe the Gauger to have learnt | perfectly, by heart.] Conſequently, 
if either the Superficial or Solid Content of any Veſſel, as Back, 
Tun, Caſk, &c. be once computed in Cubick Inches, "twill be 
eaſy to know how many Gallons, either of Ale, Wine, or Corn, 
that Veſſel will hold. 
Note. I have here ſaid, the Superficial Content in Cubick Inches, 
which may ſeem to be very improper, according to the Definition 
given of a Superficies in Page 279; but you muſt know, that, in 
the Buſineſs of Gauging, all | Superficies or Area's are always under- 
ſtood to be one Inch deep, otherwiſe it could not be ſaid (as in the 
Gaugers Language it is) that the Area of ſuch a Back, or of ſuch 
a Circle, Sc. is ſo many Gallons, 

Theſe Things being very well underſtood, the young FR 
will be fitly prepar'd to underſtand the following Problems, which 
are ſuch as have (moſt of them) been already propos'd in the fore- 
going Parts of this Treatiſe, and only are here apply'd to Practice; 


and thereforeT ſhall, for Bre vity' 8 Sake, often refer to thoſe Theo- 
rems and Prob: ems. 


| Sea. 
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Seck. 1. To find the Area of any right-lined Superficies in Gallons. 


PROBLEM I. 


To find the Area of any ſquare Tun, Back, or Cooler, Oc. either 


in Ale, Wine, or Corn Gallons. 


qual) into itſelf, and the Product will be the Area in 
Inches; then divide that Area by 282, or 231, or 
268,8 and the Quotient will be the Area requir'd. 


Example. Suppoſe the Side of a ſquare Tun, Back, or Cooler 


be 124,5 Inches, what will its Area be in Gallons ? 


Firſt 124,5 X 124, 5 15 500, 25 the Area in Inches. 


Then 282 FFV Ale Gallons. 
And 231 q 5500, 25 ö 76, 10 Cc. on Area in)] Wine Gallons, 
Or $08,583 © CT 87,0003 : Corn Gallons. 


But if any one would rather work by Multiplication than by 


— Diviſion, he may turn or change any Diviſor into a Multiplicator, 


if he divide Unity, or 1, by that Diviſor. (Vide Probl. 3. Pag. 402.) 


Thus 282 | 0,003546 al Ga, 
And 231 F1,000000 5 o, oo43 29 the Multiplica. for 3 V. Gallons, 
„„ C. Gallons. 


Or 268, 8 0,003722 


_ Conſequently 15500,25 x 0,003546 = 54.96 Cc. the Area in 
Ale Gallons ; as before ; and fo on for the reſt. | | 


PROBLEM II. 


To find the Area of any Tun, Back, or Cooler in the For m of a 


Right- angled Parallclogram in Ale Galions, Oc. 


See the Rule for finding its Area in Inches, at Probl. I, P. 339, 
then either divide (or multiply) that Area, as above, and you will 
have the Area in Gallons. e | 


Example, Suppoſe the Length of a Brewer's Tun, Back, or 
Cooler be 217,5 Inches, and its Breadth 85,6 Inches, what will 
its Area be in Ale or Beer Gallons, &? 


Firſt 217,5 x $5,6=18518. Then 282) 18618 (66,02, Sec. 
Or 18618 Xx o, 003546 = 66, o2 &c. the Area requir'd, c. 
e | P R O- 


Multiply the given Length or Breadth (being here e- 


8 — A 


—_ 


— es 
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PROBLEM II. 


To find the Area of any Triangular Tun, Back, or Cooler, 
85 in Ale Gallons, &c. e 


See the Rule for finding its Area in Inches at Prob. 3, p. 340; 
then divide (or multiply) that Area as before, and you will have 
the Area required. Sg 85 | 
Example. If the Length of the Baſe of a Triangular Cooler 
be 86,4 Inches, and its perpendicular Breadth be 57 Inches, what 
will its Area be in Ale Gallons ? Pd pos 5 


Firſt, 86,4 x 57 = 2462, 4. Then 282) 2462, 4 (8,73 &c. 
Or 2462,4 x 0,003546 = 8,73 &c. the Area in Ale Gallons. 


Proceeding thus, you may eaſily find the Area of any Tun, 
Back, or Cooler, whether it be in the Form of a Rhombus, Rhom- 
boides, Trapezium, or of any other Polygon, either regular or 
irregular, in Ale or Beer Gallons, &c. if you firſt divide it into 
Triangles, and then find the Area's of thoſe Triangles; (as in the 
2d, 4th, 5th, and 6th Problems in Chap. 5, Part III.) the Sum 
of thoſe Area's being divided (or multiply'd) by its proper Divi- 
for (or Multiplicator) as above, will give the Area requir'd. 
Now, the Practical Way of dividing any Polygonous Tun, 
Back, &c. into Triangles, is by help of a chalk'd Line, ſuch as 


the Carpenters uſe, and may be thus perform'd. „ 
Suppoſe any Brewer's Tun, Back, or Cooler, in the Form of 
the annex'd Figure A5 C DFG. Let one End of the chalk'd 
Line be faſten'd with a Nail (or otherwiſe) in any Corner or An- 
gle of the Back, as at 4; then ſtrain-— Cc 
ing it to the Angle at C, ftrike the _ 
Diagonal Line AC upon the Bot- 
tom of the Back; and ſtraining it a- 
gain to the Angle D, ſtrike another 
Diagonal Line, as AD, and fo on for 
the Diagonal Line G D, &c. Then 
having mark'd out all the Diagonals, | „ 
the Perpendiculars may be thus found : Faſten (as before) one End 
of the chalk'd Line in the Angle B, and then, by moving it 70 
aud fro upon the Stretch, find out the neareſt Diſtance between 
the Angle at B and the Diagonal Line AC; and there ſtrike a 
Line, and it will mark out the Perpendicular from B to the Line 
AC; and ſo on for the other Perpendiculars: Which being all 


PACK d out upon the Bottom of the Back, meaſure them and each 


Diagonal 
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Diagonal dy a Line of Inches, &c. and then the Area of chat 
Back may be computed ; as directed above. 

And here, by the Way, it may be obſerved, that the N umber 
of Triangles will always be leſs by two, and the Number of the 
Diagonals leſs by three, than the Number of the Sides of = 
Right-lin'd Figure that is ſo divided, 

Having found (as above) the true Area of any Brewer's Back or 
Cooler (which, according to the Laws of Exciſe, ought always to 
be fix d or immoveable) the next Thing will be to find out the true 
dipping or gauging Place in that Back, that fo the true Quantity 
of Worts may be computed (or caſt up) at any Depth ; ; which way | 

be thus done. 

1. When the Bottom of the Back is cover'd all over (of any 
Depth) either with Worts or Liquor (viz. Water) then dip it 
in eight or ten ſeveral Places (more or leſs according to the Large- 
neſs of the Back) as remote and equally diſtant one from another 
as you well can, noting down the wet inches and decimal Parts 
| of my Dip. 

. Divide the Sum of all thoſe Dips or wet Inches by the Num- 
bor of Places you dipp'd in, and the Quotient will be the mean 
Wet of all thoſe Dips. _ 

3. Laſtly, find out ſuch a Place by the Side of the Back if y ou 
can) that juſt wets the ſame with that mean Dip, and ak a 
Notch or Mark there, for the true and conſtant Dipping- place of 
that Back. Then if any Quantity of Worts (which do cover the 
whole Back) be dipp'd or gaug'd at that Place, and the wet Inches 
ſo taken be multiply'd into the Area of the Back in Gallons, the 
Product will ſhew what Quantity (viz, how many Gallons) of 
Worts are in that Back at that Th ime, provided the Ven of the 
Back do ſtand at Right Angles with its Bottom. 


vect. 2. To find the Area of any Circular and Elliptical 


Buperhcies # in Gallons. 


I. 1 have nn, in Chap. 65 Part III, and Theorem 3 55 
b. Part V, that the Periphery of the Circle whoſe Diameter is 
Unity, or x, is 314159265 Sc. (or for common Uſe 3,1416) 
and that its Arca is o, 785398 16 Cg. (or o, 7854 fere.) 

2. Alſo, that the Peripheries of all Circles are in Proportion 
one to another as their Diameters aig ; and their Area's are in 
ace to the Squares of the Diameters. That is, as 

I: 3,1416 : : the Diameter of any Circle: to its Periphery. Ang 
7 0, 854 : : the Square of the Diameter : to the Area, 

2 


pan 


bot this is eaſy, viz. by having the Periphery eiwen, to find the Di- 
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Upon theſe two Proportions depend the Solution of all the com. 
mon or e. Queſtions about a Circle, ¶ See TIM 408, 709. 


PROBLEM Tv. 


Tue Diameter of any Circle being given in Inches, to find the 
Teriphery. 


5 K 1 | ; Multiply the given Diameter with 1 and the Pro. 
ule. duct will be the Periphery requir'd. [ See Prob. 1. p. 408, 


Example. Suppoſe the Diameter of a Circle be 54,5 Inches, 
and it were required to find its Periphery. Then 54,5 X 3,1416 
= 171,21, Ic. Inches is the Periphery requir'd. The Converſe 


ameter. L. er. 3. Page 408. ] 


PROBLEM . 


The Diameter of any Circle being given (in Inches) to 2 its 
Area in Gallons, 


( Multiply the Square of the onapns'd 'e RENT into 
J 0,7854, and the Product will be the Area in, Inches; 

* | [See Probl. 2, P. 408.] that Area being divided by 282, 
Cor 231, Sc. the ent will be the Area required. 


Example. Suppoſe the given Diameter be 54,5 Inches as above 


Firlt 54,5 & 54,5 = 2970, 25. And 2979543 X 0,7854 = 
23328 31 the Area in Inches 


Then 282) 6 8,2724 Hh or Brer Gallond, 
And 231 f 2332,83 4 10,0988 the Area in J Wine Gallons. 
Or 268,8 e . Corn Gallons. 


| But hel Auer s in Gallons may be much eaſier Gan without 
knowing the Circle's Area in Inches, as above, by having the 
Square of the Diameter of that Circle whoſe Area is one Gallon; 
which may be thus found, by Theorem 6, Page 407. 
0,7853098 ;1 : : 282: 359,05 the Square of the Diameter of the 
Circle whoſe Area is 282 cubick Inches, viz. one Ale Gallon. 

And from this Proportion will ariſe the following Divifors ; 


44... F 282,000000 (359,05 | A. 6. 
Fiz. „7853989 231, 00000 (294, 12 (will be a D for 3 Ves. 
268, Sooo C. G. 

if 


—— 
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| that Circle's Area in their reſpective Gallons. As for inſtance, 
in the Jaſt Circle, whoſe Square of its Diameter is 2970, 25. 


Then 359,05 OS 8,2725) N . 
And 294,12 2970, 25 J 10,0988 f the Area in J V. G. as before, 
Or 342,24 3, 6788 . 585 
Now theſe Diviſors may be turn'd into Multiplicators by divi- 


ding Unity or x, as in Page 435: Or rather by dividing the Area 


in Inches of that Circle whoſe Diameter is 1. 


That is, 0,785398 by 282. Or by 231, Ce. 


Thus 282 } | 0,002785 } 5 Al Gal. 
| And 231 C0, 785398 J 0, oo; 399 f the Multiplicator for J Vine Gal. 
Or 268,8) (C0, 02922 | . 


Theſe Multiplicators are the reſpective Area's of a Circle whoſe 


Diameter is 1; and therefore, if the Square of the Diameter of | 


any Circle be multiply'd with any of theſe Numbers, the Product 
| will be that Circle's Area in Gallons of the ſame Name: 
Viz. 2970, 25 X 0,002785 = 8,272.5 the Area in A. G. as above. 
| And 2970,25 X 0,003399 = 10,0988 the Area in W. Gal. &c. 

Thus you ſee, that, if the Diameter of any Circle be given in 
Inches, there are three ſeveral Ways of finding its Area in Gal- 
Jons, and all equally true; but that which is perform'd by the. 
conſtant Diviſors is moſt generally practis' d. = 


PROBLEM VI. 
The Tranfverſe (or longeſt Diameter) and the Conjugate (or ſhort- 
ns. eſt Diameter) of any Elliptical Superficies being given, to find 


its Area in Gallons, 


Multiply the two Diameters (viz. the Length and 

out | Breadth) together, and divide their Product by 359,05 

the Kule. J for Ale Gallons, or 294,12 for Wine Gallons, Cc. 

i the Quotient will be the Area requir'd, [See Theo- 

rem 7, Page 412.] | 1 

Example. Suppoſe the longeſt Diameter to be 73, 5 Inches, 

and the ſhorteſt Diameter to be 51,6 Inches; what will the 
Area be in Ale Gallons? 


Firſt 73,5 K 51,6 = 3792, 6. Then 359,05) 3792,6(10,56 
the Area in Ale Gallons, Or 294, 12) 3792, 6 (12, 89 the Area 
u Wine Gallons, Cc. 1 * 

| Wee, 


I the Square of the Diameter of any Circle be divided by any 
one of theſe conſtant or fixed Diviſors, the Quotient will ſhew 
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Note, The two laſt Problems are of great Uſe in gauging of 


Worts amongſt country Victuallers, who generally brew but ſhort 


Lengths of Ale (perhaps between 20 and 60 Gallons at a Brew. 


ing) and cool their Worts in ſeveral ſmall open Veſſels or Tubs, 


whoſe Baſes or Bottoms are either a Circle, or an Ellipſis, having 
their Sides but low, and are moſt commonly wider at the Top 


than at the Bottom. 


Now a practical Way of computing the Quantity of Worts, 
that are at any Time in one of thoſe open Tubs, is briefly thus: 


When the Tub is dry, find the true Area of its Bottom according 
to its Figure (as above) and either mark that Area on the Outſide 
of the Tub (which was the Way I generally us'd to order, be- 
cauſe the Victuallers did often lend their cooling Tubs one to ano- 


ther) or elſe number the Tub, and enter its Area (and its Num- 
ber) into the Stock-book ; then, when any of thoſe Tubs hath 


Worts in it, take the Diameter of the Surface or Top of the 
Worts, and find that Area, adding it and the bottom Area toge- 


ther. If either the half Sum of thoſe two Area's be multiply'd 
with the Depth of the Worts (taken as near the Middle of the 


Tub as you well can) or, if the Sum of thoſe two Area's be mul- 
tiply'd with half the Depth (fo taken) the Product will ſhew the 


Quantity of thoſe Worts very near the Truth. 


| p ROB IL. E M VII. 


The Diameter sf any Circle, and the verſed Sine, vis. (the Height) 


4 any Segment, being given, to find the Area of that Segment in 
tO RG N | 


In the 410th and 412th Pages you have two Ways (and their 


| Exainples) of finding the Area of any Segment of a Circle in 


Inches; then if that Area in Inches be divided by 282, or 231, 
Sc. the Quotient will be its Area in Gallons. But becauſe the 


oy Area of any ſuch Segment may be readily found in Gallons (with- 


out finding its Area in Inches) by help of a Table of Segments, 
whoſe Conſtruction is laid down in the Problem, Page 411, &. 
I have here inſerted a Compendium of ſuch a Table, which will 


ſerve very well for common Practice, not only to find the Area 


of any Segment of a Circle in Gallons, but alſo to find the Num- 
ber of Gallons that are either drawn out, or remaining in any 
Cylindrick Veſſel lying along; or of any cloſe Caſk (being fil 
reduced to a Cylinder) its Axis lying parallel to the Horizon, uſu- 
ally call'd the Ullage of a Caſk; as ſhall be ſhew'd ons 
183 | 4 Tall 


{ 11]0,0598] | 360, 32411 | 61,6389 | 360.9149 


. — — — = * 8 5 yy 
* 
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lot i. 


2 


A Table of the Segments of a Circle whoſe Area is Unity or t, 
the Diameter being divided by parallel Chord-Lines into 100 


equal Parts. 


Me ht. A. th net entree. At... And... — P — 


V. S. eee V. S. | Segment! . S., Segment | J. S. ( Segment. | 
| 1j0,0017] 260, 2066 510,127] 760, 8155 
210, oo 48] 270, 2178 5200, 5258 f 77, 8262 
310, oo87! 280, 2292] 53,5382 [ 780, 8369 
40,1344] 29% 407 | 54,550 [ 79,8474 
15,0187 1 550, 5035 80 o, 8576 Z 
| 6.0, 245] | 310, 2640 | 56[0,5762] [81,8677 
\ 7|-0308|- | 32, 759 | 37,5888 820, 87764 
i 80, 0375 | 33|0,2878| 58] 0,6014| | 830, 8873 
1 gf0,0446] | 34[0,2998| 59 o, 6140 |} 840, 8968 
| 100, o520 350, 3119 60 | o, 6265 | 850, 9059 


A 5 1——— — — 


1210, 0680 370, 3364 620, 65 14 87 [o, 9236 
130, 07644] 380, 3486 , 6636 [88 o, 9320 


S 
ET) 


1 14[0,0851] 39,3611] | 6410,6759 | 3910,9402 
1-18 — 400, 3735 | Os o, 88 1 a 
1—— — 1 1— — — — N n—__ —— 
160, 10324 41 , 3860 66 0,7002 910, 9554 
170, 1127] | 42, 3986 | 67,7 122] | 92,9625 
180, 12244] 43, 41124] 68,7241 | 93 o, 9592 
19% 323] [44,2380 | 6910,7300] | 49355 
200, 14244 45 0,4305 700, 7477 | 9519-9813 
— , 1526 | 46 0,4491 | : 7110,7593 | 96 o, 98664 
22 0, 16311ſ(“]] 47 0,4618 3 [0,7708 970.9913 I 
23 o, 17380 48 0,4745 — G7 VEE] } 9819-9952 | 
| 240.1845} | 49[0,4873] | 74197934] | 9919-9993 | 
235, 19551 ] gologooo! | 75j0,8045} 1 1001 1,0000 | 


The Uſe of this Table of Segments depends upon the following 
e . aewrddd . 
(As the Diameter of any propos'd Circle: is to 100 (the 
vz. Use of the tabular Circle): : ſo is the Height of any 
Segment of the propos'd Circle: to verſed Sine in the Table. 
Then, if the tabular Segment, which ſtands againſt that verſed 
Sine, be multiply'd into the Circle's Area (either in Inches or 
Gallons) the Product will be the Area of the Segment requir'd 
[of the ſame Name] vz. If the Circle's Area be Inches, the Seg- 
ment will be Inches; if Gallons, the Segment will bs Gallons. 
5 ” 1 Example.” 


5:44. 


ö. Of tical e Daun. BARE Us 
Example. Let the Diameter of the given Circle be DA = 6255 
Inches, and the Height of the Segment 
ſought be FA = 20 Inches; What will 
its Area be in Ale Gallons ? 
Firſt, the Area of the whole Circle 
will be 10,8793 Ale Gallons (by Pro- 
blem 5.) and the Proportion will ſtand 
thus, 62,5 : 100: : 20: 32 the verſed 
Sine of the Table whoſe Segment is „ 
o, 2750. Then, 10,8793 x 0, 2759 . 
23.0016 Ale Gallons, being the Area of the Segmbnt BAG F, 2 
Was requir' d. The like may be done for Wine Gallons, Con 
Gallons, or Inches. 
And, upon Occaſion, the like Segments of any Ellipſis may be 
eaſily found. See the Proportions in the Corollaries to the 7th 


and 8th Theorems, Page 412, &c. to * J here, for Brevity' 
Sake, refer the Reader. 


Sect. 3: To compute the Contents of ſuch Veſſels (viz. Tuw, 
Backs, &c.) as are in the Form of the following Solids, 

| Nite, Before the young Gauger proceeds to theſe Computa - 

tions, he ſhould be well acquainted with ſuch Solids as are defin' 

in P. 402 and 403, and then he may eafily underſtand what Sort 


of Figures are meant in the following Problems, without the Re- 
” petition of * Words. 


PROBLEM .. * 
| To find the Content of any Priſm whoſe Sides are Parallelograms 


what Form ſoever its Baſe is of. 
That i is, to compute the Content (in Gallons) of any Tun, &c. 
Whole Sides are Parallelograms which ſtand upright, or at Right 
Angles with its Bottom. 

Firſt, find its ſolid Content in Inches, by Theorem 9, Page 414; 
then divide that Content by 282, or 231, or by 268, 8; the Quo- 
tient will ſhew the Content in their reſpective Gallons, VIZ, in Ale, 
Wine, or Corn Gallons. 

Or elſe multiply the Content in Inches with 0,003 546, ot 
_ 0,004 329, &c. [See the Multiplicators, Page 435.] thoſe Pro- 

ducts will be the Content i in therr reſpective Thy 


Or otherwiſe thus : 
Find the true Area of the Tun's Baſe or Bottom, as directed 


mn Sect. 1, P. 435; that Area being multip 600 with the Tun's 


Height (viz, Depth within) will produce the Content in Gallons, 
4 before. 156 


I take 


ke 


8 n 
* 3 
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I take the Work of this Problem to be fo very eaſy, that it 
needs no Example. ; T9 0 5 
, ee Tay 
To find the Content of any Pyramid (in Gallons) whoſe Baſe is 
5 4 bounded with Right Lines. pe 


Every Pyramid is one Third-part of its circumſcribing Priſm, 
by Theorem 10, Page 415. Therefore, if the Area of. the Baſe 
ef any Pyramid, in Gallons, be multiply'd into one Third of its 
perpendicular Height ; or if one Third of that Area be multiply'd 
with the whole Height, either of thoſe Products will be the Con- 
tent of the Pyramid in Gallons, &c. But the Content of any 

ſquare Pyramid may be eaſily found in Gallons by this Rule. 
Square the Side of its Baſe, and multiply that Square 
with the perpendicular Height; then divide that Pro- 


Rule. J duct by 846=—=282x3 for Ale Gallons, or by 6932231 


x 3 for Wine Gallons, or by 806, 4 268, 8 x 3 for Corn 
Gallons, the Quotient will be the Content requir' d. 


Or, if you multiply the ſaid Product with o, oo 182 for A. G. 
or with o, 01443 for V. G. or, laſtly, with o, oo 1241 for C. G. 


the Reſult will be the Content requir'd, as before. 
PROBLEM X. 


ZE To find the Content (in Gallons) of the Fruſtum of any ſquare 


Pyramid, cut off by a Plane parallel to its Baſe. 


Firſt, Either by Theorem 15, P. 419, or Theorem 16, P. 420, 
find the propos'd Fruſtum's Solidity in Cubick Inches; then di- 
vide that Content in Cubick Inches by 282 or 231, &c. and the 
Quotient will be the Content of the Fruſtum in their reſpective 


But, from the foreſaid Theorem 15, there may be eaſily dedu- 


ced the following General Rule for finding the Content of the like 


Fruſtum of any Pyramid, what Form ſoever it's Baſes are of (ſup- 
poſing them parallel) and being alike and alike ſituated. 
To the Sum of the Areas of the Ends or Baſes, add 
I four Times the Area of a Section thereof, by a Plane in 
Rule, 4 the Middle betwixt the two Ends, multiply this laſt Sum 
Ii by one Sixth of the Fruſtum's Height, and the Product 
will produce the Content. = — 


L112 Eran 


r "7 07 


22 — 
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© Example. Su ppoſe a Tun in the Form of he Froftum of 1 a 

Pyramid, whoſe "Baſes are equilateral Triangles : Let the Side of 
the Top be 42 Inches, the Side of the Bottom be 63,4 Inches, 
and its Height [viz. Depth] be 33 Inches; What will the n. 
tent of that T un be in Ale Gallons? 
Firſt, find the Area of each Baſe in Inches, by Probl. 7, P. 3431 
then find what thoſe Areas are in Ale Gallons, by Probl. 3. P. 436. 
and from thence the Area of the middle en Sc. as in this 
Examp le. ; Im? 


Mean 


Example. J Rene. = | aca 3 5 0 ä 15 po Ale Gallons: 


Area X by 4 ( is 16,97 ) 
Their Sum 25,80 


Then 2:8 x 33 = 1479. 0 85 x B 147 the Con- 
2 

tent required. TY 

5 P R OB L E M XI. ww 

T find the Content of any right Cylinder in Gallons. 


That is, te compute the Content of any round Tun, Sc. whoſe 


Diameters at Top and Bottom are gun; and at Right * 


with its Sides. 
The Content of ſuch a Tun may be found bs Theorem IT, 
Page 4153 or otherwiſe by the following Rule. 
Multiply the Square of the Diameter into the Height, 
Rule. and divide the Product by 359,05 (or multiply with 
0,002785) Sc. as in Page 439, that Quotient (or 
Product) will be the Content required. 
2 ram. Suppoſe the Diameter be 42, 5, and the Height IT, 5 Inches. 
Firſt 42, 5642, 5 1806,25. And 1806 25 31,5 = = 56896, 875. 


Then 35005) 56896, 875 (158,46 the Content! in Ale Gal. Se 


PROBLEE M XII. 
70 find the Cont nt of any right Cone or ound Pyramid: in Gallons, 


| Becauſe every Cone is one Third of its circumſcribing Cylin- 


der, [See Theorem 13, Page 416] therefore its Content may be 
"NY: jound by the following Rule. 
| Multiply the Square of the Diameter of its Baſe into 
. the perpendicular Height, then divide their Product 
Rule. by 1077,15 = 359,05 x 3 for Ale Gallons, or by 
882.30 294, 12 x 3 for Wine Gallons, Cc. and che 
Quotient will be the Content . 


Or 
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Or if the ſaid Product be multiply d with 0,000928 = — — 
3 N 


thoſe Prod acts will be the i» Canin 


——_— 


COUT GEE 


— 


or with 0,00 1133 = : 10034 


in their reſpective Gallon. | x 
Example. Suppoſe the Diameter of the Baſe be 42,5, and the 


mg rg ont a Height be 31,5 Inches, what will the Content be 
n Ale Gallons? (as before. 


| Firſ 42,5 & 42,5=1806,25. And 1806,25 31, 5 506896, 875 


Then 1077, 15) 56896, 875 (52,82. Or 56896, 25X 0,000998 
= 52782 the Content in Ale Gallons, And fo on for Wine or 


Com Gallons. 


P ROB L E M XIII. 
75 find the Content of the Fruſtum of any Cone in Gallont. 


That is, to compute the Content of any round Tun, Cc. whoſe 
Diameters at Top and Bottom are parallel, but unequal. 
The Content of ſuch a Tun may be found by the Rule at pra- 


blem 10; but from Theorem 16, Page 420, "twill be eaſy to 


deduce this following Rule. 


To the triple Product of the Top and Bottom Diameters, 
add the Square of their Difference; multiply that Sum 


Rule, 4 into the Height (or Depth) : then divide the laſt Pro- 


duct by 1077, 15 for Ale Gallons, or by 883,36 for Wine 
I Gallons; the Quotient will be the Content required. 
Example. Suppoſe the Diameter at the Top to be 52,4 Inches, 
the Diameter at the Bottom 44:0, and the Height 30 Inches. 
Firſt, c2,4 X 44, 6 2337, o4; and 2337,04 X 3 27011, 12 
Allo;52,4—44:6= 78, 5 and 711 X 7.8 C 43 Add : 
The Height 30 Xx 7071,96=212158,8. 


Then 1077,15) 212158, 8 (196,96 
Or 212158,8 x 0,000928 = 196,96 f the Content in Ale Gallons. 


And fo on for either Wine or Corn Gallons, as Occaſion | requires. 
But if the Tun (or Veſſel) be not truly circular, that is, if its 
Top and Bottom be elliptical, and alike ſituated, the Content of 


ſuch a Tun 1 5 be truly found by the general Rule at Problem 
10. 


PR OBLEM XIV. 
The Axis or Diameter of any Sphere or Globe being grven in Hebes, 
t find its Content in Gallons, 


Every Sphere i is two Thirds of its circumſcribing Cylinder, by 
Theor, 18, Page 4233 from whence and Theor. 20, Page 426, 'tis 
proved, 


446 ; of Practical Sau 


| pro oved, "that if the Cube of the Axis of any Sphere (taken f in 
nches) be multiply'd into o, 5236, the Product will be the Con- 
tent of that Sphere in Inches. Conſequently, if that Content be 
divided by 282, or by 237, Sc. the Quotient will be the Content 
in Gallons, 
But thoſe two Works of multiplying with 0,5236, and then, 
| dividing by 282, or by 231, &c. may be contracted into one. 


Fe ao to 0,5236 f „ange will be a Multiplicator for | — 8 


— AAR. 2 RIEL 


And 231f 0,002266 / 
| Or645996} 252 {$2927 Fill b x Divo fr hic Gain 


From hence ariſes this following Rule. 
If the Cube of the Axis of any Sphere be divided by 
| 538,57; or multiply'd with 0,001856 : or divided by 
: Rule, 441,17 ; or elſe multiply'd with 0,002266; the Quotient 
or product will be the Sphere's Content i in their re- 
ſpective Gallons, 
4 Suppoſe the Axis or Diameter of a Sphere or Globe 
be 22 Inches, how many Ale Gallons may it hold? | 
Here 22 x 22 x 22=10648 ; and 538,57) 10648 ( 19,76 A. G. 
Or 10648 x 0,001856=19,76 Ale Gal. the Content required. 
And ſo for cither Wine or Corn Gallons, as Occaſion requires, 


P R O B L EM XV. | 
To find the Content of a e of a Sphere in Gallons, 


1 the Scholium, P. 424, there are 00 Theben for reſolving 
this Problem according to the Data. 
I. If the Diameter of the Segment's Baſe and its Height are 
given, the Content may be found by the firſt of thoſe Theorems, 
which gives this Rule: 
To the triple Square of half the Diameter add the 
Rul ? r J Square of the Height; then multiply that Sum into 
the Height, and divide the Product by 538,57 for 
CA. G. or by 441,17 for W. G. &c. as above. 


2. But if the Axis of the Sphere, and the Height of the Seg- 
ment are given, the. Content may be found by the ſecond of thoſe 
— Theorems, 

3 From the triple Product of the Axis into the Height, 

Rule 2. 1055 twice the Square of the Height; then mul- 

| tiply the Remainder into the Height, and divide that 
Product by 538,57, . as in the laſt Problem. 


Eicher 


Gallons? 


2 
nn 
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Either of theſe Rules will produce the Content of the Segment : 


in Gallons. 


Exambple. 1 the Diameter of the Segment's Baſe be 28 


Inches, and its Height be 6 Inches, what may it contain in Ale 
Firſt 2) 28 (14. Then (by Rule 1.) 14 *-14x3 = 588. 
And 6x6—36. Next 588 + 36=624. Again-624x6=3744. 
Laftly, 538,57) 3744 (6,95 the Content required. 
Note, This Problem may be of Uſe in gauging the Crowns 


| of Brewers Coppers, Sc. 


dect. 4. The practical Method of Gauging any fix d Tun or Copper, 
and making a Table to ſhew what it will hold at every Inch deep, 


uſually call d Inching of a Tun, &c. 


| | Firſt, you muſt know, that moſt (if not all) Brewers Tuns are 


fo fix d as to lean a little for Conveniency of cleanfing their Drink, 

which is uſually call'd the Drip or Fall of the Tun. Now this 
Drip or Fall of any Tun is the Hoof of ſuch a Solid as that Tun 
is ſuppos'd to repreſent, and under that Conſideration it may be 


found, as in Theor. 16, P. 420 : But the practical (and indeed 
the beſt) Way is, to meaſure into the Tun (when 'tis dry) fo 


much Liquor as will juſt cover its Bottom; for by that means you 


do not only find the true Fall, but alſo a true horizontal or level 
Plane over the Bottom of the Tun; from which if the Depth 


of the Tun (v:z. the neareſt Diſtance from the Top of the Tun 


to the Surface of the Liquor) be ſet off upon every one of its Sides, 


you will then have a true parallel Plane at the Top of the Tun 
to that of the Liquor, Then, if the Sides of the Tun are ſtreight 


from the Top to the Bottom, take as many Dimenſions in the 


aforeſaid two Planes as are needful to find the true Area of each; 
and by thoſe two Areas and the aforeſaid Depth find ſo much of 


the Tun's Content (by the general Rule at Problem X.) as is be- 
twixt thoſe two Planes. rw 


Next, to inch that Tun, divide the Difference between the Top 


and Bottom Areas by the aforeſaid Depth, and the Quotient will“ 


be an Addend or fixed Number; which being added to the leſſer 
Area, the Sum will be the Area of the next Inch; and, being ad- 
ded to that Area, their Sum will be the Area of the third Inch; 
and fo on from Inch to Inch, until the Area of every ſingle Inch 
be ſouad; the Sum of thoſe Areas (if the Work be true) will 


amount (or be equal) to the Content found, as above. And if 
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the Tun's Drip or Fall be added to the Sum of all thoſe Areas, 
that Sum will be the whole or full Content of that Tun. 


** 
« 


Nov, from hence it muſt needs be eaſy to conceive, that if 1, 


2, 3, or any Number of thoſe Areas (accounted from the Bottom) 
be added to the Fall, that Sum will ſhew the Quantity of Liquor 
or Drink that is in the Tun, to ſuch a Number of wet Inches 
from the Bottom as there were Areas added together. Or, if 
the Sum of any Number of thoſe Areas (oeing accounted from 
the Top) be ſubtracted from the Tun's whole Content, the Re- 
mainder will ſhew what Quantity of Liquor or Drink is in the 
Tun, when there is ſuch a Number of dry Inches from the Top as 


there were Areas ſubtracted. 5 

This being well conſider'd, it will be eafy to make a Table ei- 
ther to every wet or dry Inch of any regular Tun (v:z, whoſe Sides 
are ſtreight from Top to Bottom) what Form ſoever its Baſes are 
of, and whether it ſtand upon the greater or leſſer Baſe. 


But if the Sides of the Tun are irregular (viz. not ſtreight from 


its Top to the Bottom) then the beſt and eaſieſt Way will be to di- 
vide or part the Tun into ſeveral Fruſtums, each of ten Inches 
deep; and finding the Content of every ſingle Fruſtum, by taking 
the Diameters in the Middle of every one of thoſe ten Inches (that 
is, the firſt Diameter at 5 Inches from the Top; the ſecond Dia- 
meter at 15 Inches from the Top, &c.) and multiplying their re- 
ſpective Areas with 10, (which is done by only removing the ſepa- 
rating Commas one Place forward to the right Hand) if the Sum 
of all thoſe Fruſtums be added to the Fall (as before), that Sum 
will be the whole Content of the Tun. : 
Note, If you take the Height of the *foreſaid ten Inch Fruſtums 
in the Side of the Tun, you muft allow for the Difference between 
the ſlant Height and the perpendicular Height in every Fruſtum. 
_ Laſtly, If from the whole Content of the Tun you ſubtract the 
mean Area of the firſt Fruſtum ten Times, and from the Remain- 
der ſubtract the mean Area of the ſecond Fruſtum ten Times, and 
from the laſt Remainder ſubtract the mean Area of the third Fru- 

ſtum, c. until there remain nothing but the Fall or Hoof of the 


Tun, you will then by that Means have a Table that will ſhew 


What Quantity of Drink is in the Tun to any Number of dry Inches, 
And this is alſo the Method of Gauging and Inching Brewers 
Coppers, viz. by firſt meaſuring into the Copper ſo much Liquor 
as will juſt cover its Crown, and then dividing its perpendicular 
Height into Fruſtums, and its Sides into four equal Parts, that fo 
croſs Diameters may be taken in the Middle. of each F nat” 1 
TE TE EN ? 4 
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but if the Copyer be much wider at the Top than at the Bottom, : 


and its Sides ſpheroidal or arching, as generally all large Coppers 
are; then, inſtead of taking thoſe mean Diameters in the Middle 
of every ten Inches, as above, you muſt take them in the Middle 
of every fix Inches, and proceed on as before. 


Now the Quantity of Liquor, that would cover the Crown of 
the Copper, may be found nearly without meaſuring it, as above. 


In order to that, I do ſuppoſe the Crown to be the Segment of a 
Sphere, and the lower Part of the Copper wherein the Crown 
ariſeth, to be the Fruſtum of a Parabolick Conoid; then, if the 
Diameter at the Top of the Crown, and its perpendicular Height 
are given, the Quantity of Liquor may be found by this following 


ule : a 


From the Area of the Plane at the Top of the Crown 
ſubtract of the Area of the Crown's Height; the Re- 


Rule, mainder, being multiply'd into half the Height of the 


| Crown, will produce the Quantity or Number of Gal- 
: lons that will cover the Crown, very near. 


This Rule is deduced from Scholium, Pape 424. and Theorem 
155 Page 430. 


des. 5. To compute the Content of any cloſe Caſk i in Gallons, | 


viz. of any Butt, Pipe, Hogſhead, Barrel, &c. 
In order to perform this difficult Part of Gauging, the three 


following Dimenſions of the propoſed Caſk muſt be truly taken in 


Inches, and Decimal Parts of an Inch. 


The Bulge or Bung Diameter within the Caſk. 
Either of the Head Diameters, ſuppoſing them both equal, 
And the Length of the Caſk within. 


Note, In taking of theſe Dimenſions, it muſt be carefully obſery” d, 


1. That the Bung-hole be in the Middle of the Caſk alſo that 
the Bung-ſtaff and the Staff over- againſt the Bung-hole a are > both 


regular or even within. 


2. That the Heads of the Caſks are equal and truly i; if © 


lo, the Diſtance between the Inſide of the Chine to the Outſide 
of its oppoſite Staff will be the Head Diameter within the Caſk, 
very near, 


3. With a ſliding Pair of Calipers (made © on 3 for that 
Uſe) take the ſhorteſt Diſtance at Length between the Outſides of 
the two Heads; (ſuppoſing them even) from that Length ſub- 
tract 1 * Inch (more, o or leſs, according to the Largenels of the 


M m m SN Caſk) 
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Caſk) for the Thickneſs of the two Heads, the Remainder will be 
the Length of the Caſk within. 


Now. by theſe 8 one f . the Content of 
the Caſk were perfectly limited; but it will be eaſy to perceive, 
by the following Figure, that the Diameters (aboveſaid) and the 
Length of one Caſk may be equal to thoſe of another, and yet one 


of thoſe Caſks may contain or hold ſeveral Gallons more than the 
_— 


As for 1 ſuppoſe the 1 Figure ABC DG G F, to 
repreſent a Caſk ; then it is plain, that, B 
if the outward curved Lines ABC — 
and FG D are the Bounds or Staves of x 
the Caſk, it muſt needs hold more than „ 
if the inner freight 6r dotted Lines 
were its Bounds or Staves; ; and yet the 
Bung Diameter BG, Head Diameter © 
C 5 and A F, and the Length LA, 
are the lame ! in both thoſe Calls. 


w hence it plainly appears, that no one certain or general Rule 
can be preſcrib'd to find the true Content of all Sorts of Caſks, 


and therefore Gaugers do uſually ſuppoſe every Caſk to be | in Form 
of ſome one of theſe following Solids. 


I. The middle Zone or Fruſtum of a Spheroid. 5 
Vie. IT. The middle Zone or Fruitum of a Parabolick Spindle. 
2. III. The lower Fruſtums of two equa! Parabolick Conoide 
IV. The lower Fruſtums of two equal Cones, 


Now the Way of Gueſſing at the Caſk's F Form, and computing 
its Content, according to its ſuppos' d Form, I ſhall here ſhew in 
their Order. EE; 


I. If the Staves of tha Caſk are very much curved or arching 
(as the outward Lines of the laſt Figure) then the Caſk is ſuppos'd 
to be in the Form of the middle Zone or Fruſtum of a Spheroid, 

whoſe Content may be computed, by Theorem 22, Page 427, 
which gives theſe two Rules, 


To twice the Square of the Bung Hades add the 

I] Square of the Head Diameter; multiply that Sum in- 

Rule 1.) to the Length, and divide the Product by 1077,15: 

I Vis. 3;8197 x 282 for Ale Gallons; and by 882,30. 
Viz. 358197 X 731 tor Wine Gallons, Or thus, 


Kult 


i. A. 
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Rule. 


To twice the Area of the Bung Circle, add the Area 


Rule 2 of the Head Circle; multiply their Sum into one 
Het 2. J Third of the Length, and the Product will be the 
Content! in their reſpective Gallons. | 


Example ** Luppoſe a Caſk in the Form of the middle Zone 
of a Spheroid, whoſe Bung Diameter is 31,5, Head Diameter 
245, and its Length 42 Inches. 


Firſt 31. 5x31, 5&2 1984, 5. And 5 
Again 1984, 5 600, 25 2 2584, 75. And 2584, 75 * 42 2 198550, 5 


Then 1099 L47L0R 559,5 (100,78 the Content in Ale Gallons. 
And 882535) 108559, 5 (123,03 the Content i in Wine Gallons. 


Or thus, by the Second Rule. 


Nag Diameter 31,5 twice its Circle's Area is 5, 5270 
Head Diameter 24,5 its Circle's Area is 1,6718 


The Length 42 divided by 3 is 14 7,1988 Stheir Sum. 


Then 7,1 988 14 100,78, the Content in A. Gallons as before. 


And ſo the Content i in Wine Gallons may be found. 


II. If the Staves of the Caſk are not quite ſo ch; curved or 
arching, as was ſuppos'd before, the Caſk is then taken for the 


middle F ruſtum of a Parabolick Spindle, and its Content is com- 


ng, as by Theorem 27. Page 432. Which gives this Rule, 


A square of the Head Diameter; from their Difference 
ſubtract four Tenths of the Square of the Difference 
of the Diameters; multiply the Remainder into the 
Length, and divide the Product by 107715, Sc. as 


above. 


Example 2. Suppoſe the Dimenſions the ſame as before. Thea 


3135 * 3155 * 2: + 245 * 24,5 = 2584. 7 5» And 31,5 — 
24, 5 7. Again 7X7X0,4 = 19,0. And 2584,75—19,0 . 


107736, 3. Then 1077,15) 1077 36,3 (100,01 the Cont. in AG. 
Sc. for I. G. 


II. When the Staves of the Caſk are but very little curved or 
arching, then it's ſuppos'd to be in the Form of the Fruſtums of 


two equal Parabolick Conoids, abutting or joining together upon 


one common Baſe at the Bulge, and the Content may be tound by 
Thcorem 25 5. Page 430. Which gives theſe Rules, 


Mm m 2 Nule 


To twice the Square of the Bung Diameter, add the 
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To the Square of the Bung Diameter add the Square 

| of the Head Diameter ; multiply their Sum into the 

Rule x. J Length, and divide the Product by 718,08 (viz. 

2,5464 x 282) for Ale Gallons ; or by 588,22 (viz. 

2, 5464 & 231) for Wine Gallons. Or thus, 

To the Area of the Bung Circle add the Area of the 

Rule 2. Jes Circle; multiply the Sum into half the Length, 
and the Product will be the Content required. 


Example 3. With the ſame Dimenſions as before. Then 
31,5X31,5+24,5X24,5=1592,5- And 1592,5X42 = 66885 


* CS -* 1 


— 


And 718,08) 66885 (93,01 the Content in Ale Gallons. 


Or 588, 22) 66885 (113,7 the Content in Wine Gallons. 


IV. If the Staves of the Caſk are ſtreight from the Bulge to the 
Head, as the inner dotted Lines in the laſt Figure (if ſuch a 
Caſk can be made) it is then taken for the lower Fruſtums of two 
equal Cones, abutting or joining together upon one common Baſe 
at the Bulge. And its Content may be computed as at Problem 
13. Page 445. or by Theorem 15. Page 419. Thus, — 
o the Sum of the Squares of the Head and Bung Dia- 
| meters add their Product; then multiply that Sum in- 
Vule. 4 to the Length, and divide the laſt Product by 1077,15. 
I Or multiply by 882,36, The Quotient will be the Con- 


* 


(tent, Oc. 
| Example. 4. With the ſame Dimenſions as before. 
Firſt 31,5X31,5+24,5X24,5+31,5X24,5=2394,25 


And 2304,25x42=99298,5. Then 1077,15) 99298,5 (92,18 
the Content in Ale Gallons, and ſo on for Wine Gallons. 


Thus you have the Methods of computing the true Contents of 
the four Solids, in whoſe Forms all Caſks e 
are ſuppos'd to be. And by the Exam- Ale Gallons. | 
ples it appears, that four ſuch Caſks as have | I. 100,78 | Differ, 
their Dimenſions all equal, and the ſame | II. 100,01] 0477 
with thoſe above-mentioned, their Con- III. 93, 01] 7,00 
tents will be as in the Margin. IV. 92,18] 0,83 


From the Diſproportion or Inequality of theſe Differences it 
will be eaſy to conceive, that there may be ſeveral Caſks whoſe 
Contents cannot be truly found, according to the aforeſaid ſup- 
pos'd Forms; and therefore, in order to rectify the ſaid Inequali- 
ties, ſome Authors (that have written upon this Subject) have 
laid down Theorems of their own Invention (and yet call'd them 


by 
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by y theſe Names); others have propos'd Tables for the ſame Pur- 
poſe. But ſince it is fo, that we can only gueſs at the 'Fruth, the 
plaineſt and eaſieſt Way is to be preferr d in Practice; and that 


is, by finding ſuch a mean Diameter as will reduce the propos'd 
Caſk to a Cylinder. 


C Multiply the Difference between the Head and Bung 
Diameters, with 0,7. or with o, 65. or with 0,6, or 
Thus with 0,55. according as the Staves of the Caſk are 
I more or leſs arching ; add the Product to the Head Dia- 
meter, and the Sum will be the mean Diameter required. 
Then find the Content, as at Prob. 11. Page 444. 


Example. With the ſame Dimenſions as before. Then the 
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Bung Dane leſs the Head Diam. is 355—24, 57. And 1 
A. D. . G. | Cont, ; Dif. 410 
"7 X 0% = 29,40 its Area 23407 34 101, . {8 
| | 7 X O, 6 > RODS — 2,3504X42= 98,71 2,39 1 
24,5 5 . 4705 


= - 2,294 1 X42= Gs 2536 
7 X 0,55 = 28, 35 — 2,2385X42= 94,02|2,32 
From theſe it may be obſerv'd, that the Difference between 
each Caſk's Content is regular, and very near equal; which plain- 
ly ſhews, that there is not ſo much Room left for Error this Way 
of computing their Contents, as was by the aforeſaid Forms. 
Nou the tirſt of theſe four (viz. with 0,7) is very commonly 
uſed amoneſt Gaugers for all Sorts of Caſks; but I did never 
gauge any Caſk that would contain quite ſo much as that Rule 
did make it; and the Reaſon doth appear very plain from Theo- 
rem 2.2, Paze 427, being compared with Theorem 19, Fage 426, 
and the lat Figure; v7z. that no Caſk (being regula wrly made) 
can hold more than the middle Fruſtum of a Spheroid. But I 
f always found by Experience, that if the fecond and third of thefe. 
_— Rules (viz. with O, 65 and 0,6) were duly apply d, they would 
anſwer very near the Truth amongſt the common Sort of Caſks ; 
and the fourth Rule (vig. with o, 5c) will come pretty near the 
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þ Truth in computing the Contents of Cafks, whoſe Staves are al moſt 

{ ſtreight betwixt the Head and Bung, viz. ſuch as Wine Pipes, Oc. i 
3 Seck. 6. To find what Quantity of Liquor is either drawn forth, 1 
8 or remaining, in any ſpheroidal Ca k, uſually cali's the Ullage 

3 of a Caſk; "hath two Cat es. : 

p⸗ Caſe 1. To find what Quantity of Liquor is in the Caſk, when 

li- is Axis is perpendicular to the Horzon, biz. when it Rands 

veſt opright upon one of its Heads. 

m 2 In 
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In order to perform this the eaſieſt Way, it will be conve- 


— 


nient to know how to calculate the Area of any Circle bet wixt the 
Bung and Head, whoſe Diſtance from the Bung or Middle of the 
Caſk is given, Now that may be done by this Proportion. 


As the Square of half the Length of the Caſk : is to the Dif- 
ference between the Bung and Head Areas:: fo is the Square 


Viz. of any Circle's Diſtance from the Bung : to the Difference 


between the Bung Area, and the Area of the Circle, Dix. 
the Area of the Liquor's Surface. 


demonſtration. ZINN 
 H—Half the Length of the Caſk. 7 8 * 
Let ? -D= Half the Bung Diameter. iT us : 
d =Half the Head Diameter. f Ebb wht 


the Bung. 7 
a=Half the Diameter of that Circte. V N 47 


des according to the common Property of the Ellipfis, Page 
368, it will be, 
BB: DD: : BB—HH : dd. And BB: DD: BBP a 


And 9 7 the Diſtance of any Cirele "IE \ 1 PA | 


N Erg A ant 4 SEE. 2 8 


DD—aa 
DDHH _ DN — aa 


DD—dd  DDP E 


DD—add 
Conſequently, 


Thie eb e being brought out of the n ehe will be- 
come DD HH 4 HH = DD PP 44 PP, which gives this 


Araligr HH: DD—ad: : PP: D D—aa. Then DD a0, 


being ſubttacted from DD, will leave aa. But Circle's Arcas 


are in Proportion to the Squares of their Diameters, by Theorem 


6. Page 407. Therefore, TE. Q. E. D. Then, from the Bung 
Area ſubtract one third Part of the aforeſaid Difference, viz. be⸗ 
tween the Bung Area and the Area of the Liquor's Surface ; mul— 


tiply the Remainder with the Liquor's Diſtance from the Bung, 


and the Product will ſhew what Quantity of Liquor Is either 
above or under half the Content of the Caik, 


Example, Let us ſuppoſe a Caſk of he fame Dimenſions with 
that in the firſt Example, Page 4.51. and let it be required to 
find what Quantity of Liquor is in it (of Ale Meaſure) when 
there is but 9 Inches wet, Here half the Length of the Caſk is 21 

inches, 
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Inches, whoſe Square is 441, and the Liquor's Diſtance from 


the Bung is 21 - 92 12. Its Square | is 144. The Difference 
between the Bung and Head Areas is 1,0917 ( = 2,70 35 — 


1,6718.) Then wm : I,0917 : : I44 : 0,3564. 
And 2,7635 — 0,3504 = 2, 407 f the Area of the Liquor's 


Surface, 


Again 3) ths (0,1188. And 2,7635 —0, 1188 = 2, 6447 
Then 2,0447 x 12 = 31, 7364, what the Caſk wants of being 


Half full. Conſequently 50,39 — 31,73 = 16,06 will be the 


Quantity of Liquor in the Caſk at 9 Inches wet in Ale Gallons, 

And if the Caſk had wanted but 9 Inches of being full; then 
50,30 + 31,73 = 825,12 would have been the Quantity of Li- 
quor in the Cal 

Note, Becauſe the two firſt Terms (viz. 441, and 1,091 7 
in the Proportion are fix d, viz. continue the fame for any Di- 
ſtance, twill be very eaſy to calculate the Areas of all the Circles 
betwixt the Bung and Head to every Inch, and by that Means to 


make a Table that will ſhew what Quantity of Liquor is either 


drawn out, or remaining in the Caſk at any Depth. 


Caſe 2. To find what Quantity of Liquor i is in any Caſk, who. 
its Axis is parallel to the Horizon, vi. when it lies along. 


There are Variety of Tables to be found in Books of Gauging 
for this Purpoſe ; but I always obſerved, that the following Me- 
thod of computing the Ullage, by a Table of the Segments ot 4 


irele, came very near the Truth i in all Sorts of Caſks ; ; which is 


thus perform'd: 

1. By the Bung and Head RULER find ſuch a mean Dia- 
meter as you judge will reduce the propos'd Caſk to a Cylinder, 
by the Method laid down in Page 453. And then nud its full 
Content, as in thoſe Examples. 

2. From the Bung Diameter ſubtract the mean n Diameter, and 
half the Difference, (viz. divide it by 2.) 


3. From the wet Inches of the propos'd Ullace, ſubtract the 


ſaid half Difference, and call it æ; i then obſerve this Proportion. 


As the mean Diameter : is to 100 (the Diameter of the 
IR. * tabular Circle) :: ſo is the laſt Difference (bis. * x 
a verſed Sine in the Table ( Page 441.) 


Then if the tabular Segment, which ſtands again ſt that ver- 


ſed Sine, be multiply'd into the Content of the Caſk, the Product 


will ſhew the Ullage, viz. what Quantity of Liquor is either in 


the Caſk, or drawn forth. 


E * e 
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Example 1. Let the Caſk be that of the ſecond Sort, in Page 
453. viz. whoſe Bung Diameter is 31,5 Inches, mean Dia- 
meter 29,05, and Content 98,7x Ale Gallons ; and ſuppoſe there 
were 10,5 Inches wet in it, it is required to find the wet and dry 
Gallons? ä e 


Here 31,5 —29, 0522, 453 its half is 1, 22. And 10, 5—7,229,28 
Then 29,05 : 100: : 9,28 : 0, 319 = V. Sine; its Segm. is o, 2748 
And 98,71 x 0, 748227, 12 the Number of wet Gallons. 


Again 31,5—10,5=21 the dry Inches; and 21—12,22=19,78 
Then 29,05 : 100 : : 19,78 : 0,68; its Segment is o, 7241 
And 98,71 x , 241 = 71,48 the Number of dry Gallons. 


Proof 71, 4827, 12 98, 6 the Contents of the Caſk very near; 


which plainly ſhews the Truth of this Method. 


Thus far may ſuffice concerning Gauging of Hacks or Coolers, 


Tuns, Coppers, and Caſks, &c. To which I ſhall only add, 


that as the Contents of all Brewers Utenſils are to be computed 


by the Ale Gallon, ſo the Contents of all Diſtillers Utenſils 


(viz. all their Waſh-Backs, Stills, and Caſks, &c.) muſt be 

computed by the Wine Gallon, _ M 
And in gauging of Malt (upon which there is now a Duty of 

nine Pence per Buſhel, or ſix Shillings per Quarter) you muft 


obſerve, That a Corn or Malt-Buſhel doth contain 21 50, 42 


cubick Inches; (See Page 42.) and therefore in gauging of Malt- 
Ciſterns, or other Veſſels, 2150,42 will be a conſtant or fixed 
Diviſor for finding the Areas of right-lin'd Figures in Buſhels 
at one Inch deep, and 2738 will be a conſtant or fix'd Diviſor 
for finding the Areas of circular Figures. 5 

I have omitted the Buſineſs of gauging Maſh-Tuns, and ta— 
king an Account of the Goods or Grains, in order to eſtimate 
what Quantity of Worts were procuc'd from them, &c, becauſe 
I could never find (by all my Obſervations) any Certainty there- 
in; nor is it poſſible there ſhould be any, by reaſon of the great 
{)ifference that is in Malt (and its Grinding too) for the beſt 
Malt (weil ground) will yield or produce the moſt Worts, and 
jenſt Grains; on the contrary, bad Malt (being ill ground} yields 
the leaſt Worts and moſt Grains. | 
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Not in any of the 


Former Editions of this Book : 
Containing the 


ES 1ST eo R Y 


OF 


LOGARITHMS, 


WITH 
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Cuncta Trigonus habet, ſatagit guæ docta Matheſis, 
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HE Mathematicks formerly received conſiderable 


Advantages ; firſt, by the Introduction of the In- 


dian Characters, and afterwards by the Invention of 


Decimal Fractions; yet has it fince reaped at leaſt as 
much from the Invention of Logarithms, as from both 
the other two. The Uſe of theſe, every one knows, is 


of the greateſt Extent, and runs through all Parts of 


Mathematicks. By their Means it is that Numbers 
almoſt infinite, and ſuch as are otherwiſe impractica- 
ble, are managed with Eaſe and Expedition. By their 


Aſſiſtance the Mariner fleers his Veſſel, the Geometri- 


cian inveſtigates the Nature of the higher Curves, 
the Aſtronomer determines the Places of the Stars, 
the Philoſopher accounts for other Phenomena of Na- 
ture; and laſtly, the Uſurer 8 the Intereſt of 
his Money. 

The Subject of the following 7 reatiſe has bien tale; 
vated by 3 zans of the firſt Rank ; ſome of 
whom, taking in the whole Doctrine, have indeed 
wrote learnedly, but ſcarcely intelligiole to any but 


| Maſters. Others, again, accommodating themſelves 


to the Apprebenſion of Novices, have Velefs ed out 
Jome of the maſt eaſy and obvious Properties of Loga- 
rithms, but have left their Nature and more intimate 
Properties untouch d. My Defign therefore, in the 
following Tract, is to 55 what ſeemed ſtill want- 
ing, viz. to diſcover and explain the Doctrine of 
Loga- 


. 459 


Logaritbhms, to thoſe who are not yet got A" the 


Elements of Algebra and Geometry. 
The wonderful Invention of Logarithms we owe to 
the Lord Neper, who was the firſt that conſtructed 


and publiſhed a Canon thereof, at Edinburgh, in the 


Year 1614. This was very graciouſly received by all 
Mathematicians, who were immediately ſenſible of the 
extreme Uſefulneſs thereof. And tho it is uſual to 
have various Nations contending for the Glory of any 
notable Invention, yet Neper 19 untverſally allowed 
the Inventor of Logarithms, and enjoys the woole 
Honour thereof without any Rival. . 
The ſame Lord Neper afterwards invented another 
and more commodious Form of Logarithms, which he 
afterwards communicated to Mr. Henry Briggs, Pro- 


fefſor of Geometry at Oxford, who was hereby in- 


troduced as a Sharer in the completing thereof : B ut, 
the Lord Neper dying, the whole Buſineſs remaining 
was devolved upon Mr. Briggs, who, with prodigious 
Application, and an uncommon Dexterity, compaſ d a 
Logarithmic Canon, agreeable to that new Form, for 
the firſt twenty Chiliads of Numbers {or from 1 to 
20000) and for eleven other Chiliads, viz. from qoooo 
to 101000. For all which Numbers he calculated 
the Logarithms to fourteen Places of Figures. This 
Canon was publiſh'd at London in the Year 1624. 
Adrian Vlacq publiſhed again this Canon at Goudæ 
in Holland in the Year 1628, with the intermediate 
Chiliads before omitted, filled up according to Briggs's 


Preſcriptions; but theſe Tables are not ſo uſeful as 


Briggs's, becauſe the Logarithms are continued but to 

10 Places of Figures. 
Mr. Briggs alſo has calculated the Logarithms of 
the Sins and Tangents of every Degree, and the 
Nun 2 hundredth 


- 


r 
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hundredth Parts of Degrees fo 1 5 "Places of Fig igures, 


and has ſubjoined to them the natural Sines, Tangents, 
and Secants, to 15 Places of Figures. The Loga- 
rithms of the Sines and Tangents are called Artificial 
Sines and Tangents, but the Sines and Tangents 
CON are called natural. Theſe Tables, together 
201th their Conſtruction and Uſe, were publiſb d after 
Briggs's Death, at London, in the Year 1633, by 
Henry Gellibrand, and by him called Tri gonometria 
Britannica. 
Since then, there have Sick publiſhed, in ſeveral 
Places, compendious Tables, wherem the Sines and 
Tangente, and their Logarithms, conſiſt of but ſeven 
Places of Figures, and wherein are only the Loga- 
rithms of the Numbers from 1 t0 1 ©0000, which may 
be . for moſt Uſes. 
he beſt Diſpoſition of theſe Tables, in my Opinion, 
i that, firſt thought of by Nathaniel Roe, of Suffolk; 
and, with ſome Alterations for the better, followed 
Sherwin in his Mathematical Tables publiſh d at 
ondon in 1 705; wherem are the Logarithms from 
I ro 101000 conſiſting of 7 Places of Figures. To 
which are ſubjoined the Differences and proportional 
Parts, by Means of which may be found eaſily the 
Logarithms of Numbers to 10000000, obſerving at 
Wo ſame Time that theſs Logarithms confift only of 7 
Places of Figures. Here are alſo the Sines, Tan- 
gents, and Secants, with the Logarithms and Diffe- 
rences for every Degree and Minute of the Quadrant, 
Wb ſome other Tables of Uſe in practical Mat bema- 
DICKS. 


T HE 


5 Again, 1 


THE 


C ONSTRU CTION 


= 
LOGARITHMS. 


& HE SE moſt excellent and uſeful Numbers were firſt. 
invented by the famous and never to be forgotten Lord 
Neper, Baron of Merchiſton in Scotland, aforeſaid ¶ Ann. 
1614.) who ingeniouſly contriv'd to perform Multipli- 
cation and Diviſion of Natural Numbers, by only adding or ſub- 


tracting certain Artificial Numbers, which he called Logarithms, b 


and the Extraction of Roots by dividing the Log. by 2 for the 


Square: by 3 for the Cube: by 4 for the Biquadrate, &c. 


This Invention of his (no doubt) proceeded from a mature Con- 


| fideration of the Coherence that is betwixt Numbers in Geome- 
trical Proportion and thoſe in Arithmetical Progreſſion. 


As in theſe following : 


Vie. ſr 2:43.16. 22: 64 128, He. Geometrical. 


S r 4 5 6 . Sc. Arithmetical, 

It is very perceptible, that, as the Numbers in the Geometrical 
Proportionals are produced by Multiplication or Diviſion, thoſe in 
the Arithmetical Progreſſion are produced by Addition or Subtracti- 


on: As doth appear in this Example: 
Viz 1 4 X 32 128 þ org | 128 — 32 = 4 Geometr. 


2+ 5= 7 7 — 5 = 2 Arithmet. 
1. 10. 100. 1000 . 10000 . 100000, &c. Geomets: 
G 3 LM 4 . 55 Ec. Arithmet. 5 

The ſame Coherence is datein theſe latter, as Was between the 
two firſt Ranks. 

. F\ 1000x Som my e 100 8 | 
Viz. or 

— 3 = 2 Arithmet. 


Either of theſe . do dabei, ſhew the Reaſon and very 


Ground of Logarithms. 
And from the latter of theſe it was, that the prims Log irithms 


or Characteriſtics were firſt aſſigned, 


3 * 


=—_ Conſtruttion of Log arithms. 
Ads in this Table: 2 
5 [Natural Num. Logarithms. | 


2 


* 


| | 1 1 | 040000000. 2 
| | = 10 | I,o0000000|  . v3 

4 100 | 2,0000000 
1000 | 3,0000000 
þ 10000 4,0000000 
100000 | 5.0000000 


Having laid this Foundation, the next Work was to find out 
the Logarithms of the intermediate Numbers ſituated betwixt 1 


and 10, viz, of 2, 3, 4, 5, 6, 7, Cc. and of thoſe betwixt 10 and 


100, viz. of 11, 12, 13, 14, 15, &c, and ſo on for the reſt. 70 his | 


was a Work of ſome Difficulty, and very laborious. 


T he firſt Step in order thereunto (as I conceive) was to find out 
a Rank of continual Means betwixt 10 and 1, fo as that the laſt 


(and leaſt thereof) might be a mixed Number leſs than 2, and ſo 


near 1, as to have ſuch a Number of Cyphers before the ſignificant 
Figures thereof, as was intended the Places of Logarithms in the 
Table ſhould conſiſt of Which Means are to be found, by ex- 
tracting the ſquare Root of 10 (having firſt annexed a competent 
Number of Cyphers thereunto;) then extracting the Root of that 
Root, and ſo by a continued Extraction of Root out of Root, until 
there be a Root fo qualify'd as before mention'd : Which, to make 
a Table to ſeven Places in the Logarithms, will require twenty-five 
ſeveral Extractions, the laſt of which will produce this Number, 
1,000000068022 38, | 


The next Step was to find out a Number betwixt (1) and (o) in 


Arithmetical Progreſſion, that might truly correſpond with the 

Mean before found (betwixt 10 and 1) ſuch a Number muſt con- 

ſequently be its Logarithm. And this may be found by a conti- 

nual biſecting (or halving) of 1, ſo often as was the Number of the 

foregoing Extractions (to wit, twenty-five) the laſt of which Biſec- 

tions wil! produce 0,00000002980232, &c. the true Logarithm 
of 1,00000co00802248. _. = a : 

For as 1,00000c05862238 by twenty-five continued Involu- 
tions (vi. firit into itſelf, then that Product into itſelf, and ſo on ſuc- 
ceſſively) will produce 10; fo will 0,00000002980232, by the 
like Number of Doublings and Redoublings, produce 1. 

This Mean (or Number) and its Logarithm being thus found, it 
will ſollow by Proportion, As the fignificant Figures of this Mean: 
are to the ſignificant Figures of its Logarithm :: fo are the ſigni- 
ficant Figures of any #ean, betwixt any given Number and 1: 

(having 
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(having Seven Cyphers before ſuch Figures, as this hath) zo the ſig- 
nificant Figures of its Logarithm, To which muſt be prefixed ſe- 

ven Cyphers to complete it. After which, being doubled, and 

redoubled according to the Number of Extractions required to pro- 

duce its correſponding Mean, will at laſt diſcover the true Loga- 

| rithm of the given Number. For the clearing of this, take an 

Example. VV mo: 
Suppoſe it were required to find the Logarithm of the Number 2, 

to ſeven Places. Firſt, by a continued Extraction of Root out of 

Root, beginning at 2, find ſuch a Mean, or Root as before, betwixt 

2 and 1, as will have ſeven Cyphers before its ſignificant Figures; 

which, after twenty-three ſeveral Extractions, will be this Number 

I,00000008262958, Then, according to the foregoing Propor- 
tion, it will be 6862238 : 2980232 : : 8262958 : 3588557. To Wl 
which prefix ſeven Cyphers, as before directed, then will 1 

| 


1,00000008262958 have for its Logarithm ,00000003588557 z 
which being doubled and redoubled, as aboveſaid, will produce 
0,30102997958058, the true Logarithm of 2; which being con- Wit 
tracted to ſeven Places, aceording to the firſt Deſign, and agreeable, = 
to the ſeven Places of Cyphers, then it will become-0, 3010299. But, «M 
in all the Tables that I have ſeen, the Logarithm of 2 is o, 3010300: 
1 conceive the Reaſon is, becauſe the remaining Figures 7958658 
come ſo near Unity of the laſt Place in the retained Figures. 
And by the ſame Method that this Logarithm of 2 is made, may 
the Logarithm of any other Number be found. But when once 
the Logarithms of a few of the prime Numbers, vz. of 3. 7. 11. 13, 
Sc. (that is, of ſuch Numbers as cannot be produced by the mul- 
tiplying of two Integer Factors) are obtained, the reft may be eafi- 
ly compoſed by Addition and Subtraction only. For as 3x 2 =6 
lo Log. of 3+ Log. of 2. = Log. of 6. And as 10—2=5 WW 
ſo Log. of 10 - Log. of 2. = Log. of 5. The like of all Numbers i |! 
that have aliquot Parts (that is, ſuch Integer Numbers as may be | 
divided by Integers.) And indeed the Logarithms of ſeveral of the 
prime Numbers may alſo be obtained by A4d:tion or Subtraction, as 
might eaſily be ſhewed, and is not difficult to conceive by any one, 
who but duly conſiders the Nature and Deſign of Logarithms, 
Sc. of which I ſhall forbear ſaying any thing in this Place, and 
keep to my firſt Deſign herein, which was to give a brief Account 
of the ingenious Author's Method, as I conceive it, of making, 
the ſame : who undoubtedly found it a very difficult Work, by rea- 
ſon there are required ſo many ſeveral Extractions of Roots out of 
Roots, which muſt needs render it both troubleſome and labori- 
ous. Then to propoſe a different Method of railing the . 
: | rithms 


— 


464 Conſtruction of Logarithms. 
rithms of ſuch prime Numbers before - mentioned, which require 
the Extraction of Roots to obtain their reſpective Means, with one 
tenth Part᷑ of the Trouble and Time required by the foregoing Me- 
thod. And not only ſo, but more exact; for, by our preſent Me- 
thod of converging Series, the Root of any Power, how high ſo- 
ever it be, is eaſily found at one ſingle Extraction; and thereby 
the Errors which would ariſe by extracting a Surd Root out of a 
Surd Root, eſpecially when often repeated, are avoided ; and con- 
ſequently ſuch a Mean, as may be required betwixt any Number 
and Unity, is thereby more exactly found. Es 
Now, how this may be performed, I here intend to ſhew, as 
briefly as I can. In-order thereunto, take this as a Model. 
Leta=the Root, or Mean required betwixt any Number and Unity: 


+ 5 a* = 2 2 „ a* 48 = D a+ 
Then = 


ats = a5 .a2 =QDa't.,a4 = no a3 
a23 = NU 464. 4256 = OO 4128 . 4512 = Dn a3 
And fo on ſucceſſively with the Indices in Geometrical Progreſſi- 
on, until the Power of à be made equal to ſuch a Term in that 
Progreſſion, as that the Root, or Value of a may have, betwixt 
Unity and its ſignificant Figures, ſo many Cyphers, as are the in- 
tended Number of Places in the Logarithms. 
For Inſtance, let it be required to find the Mean between ro and 
1, then the Power of a mult be 4355.3 = 10, this Index 3355++3z 
being the 25th Term in Geometrical Progreſſion, which may be 
thus determined. Cr ny N . 1 
Let 1, the Characteriſtic or Logarithm of 10, be divided by ſuch n 
a Term in Geometrical Progreſſion, as will cauſe ſuch a Number p 
of Cyphers to be before the ſignificant Figures in the Quotient, as 7 
are required to be before the Figures of the Root a; ſuppoſe 7, as 
before. Then 1 — 33554432 = ,00000002980232, Sc. which 
is the true Arithmetical Mean (as before found, by a continual bi- 
ſecting of 1) correſpondent to that ſignify'd by a; and therefore the 
Value of a found by extracting the reſpective Root of 10 3355443 
will be the Mean required; viz. 1,000000068622 38 whoſe Log. 
is ,000000029802 32. Theſe, being found, are the Foundation of 
the reſt, as before. „„ . 
Then ſuppoſe it be required to find the Logarithm of any of the 
prime Numbers; if you pleaſe, that of 2. In order thereunto, let 
a = the Root or Mean ſought betwixt 2 and 1, as before; then muſt 
a be continually involved, as by the above Model, until its Index 
de equal to the greateſt Term in Geometrical Progreſſion, whole 
Number of Places of Figures are to be equal to the Number of re- 
quired Cyphers before a, to wit 7. According to which, the 
| Power, 
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Power of a will be 483886082 (this 8388608 being t the 2 WT Term 
in Geometrical Progreſſion) conſequently the reſpective Root of 


T5 8 will be the Mean required. 
Example. 


Let r = 
Then will 78388608 ＋ 8388608 seo 
+ 35184 367894528 73388606 = g 353000=2 
_ Suppoſe r —=1 _ 
Then 1 + 8 88608. 35184367894 528582 
That is 83886085 3518436 8945280 1 
Each Pari being divided by the Co- efficient found prefixed to, ce, 
viz, 351823, Ec. then it will become 
,00000023e-+2e=,6000000000000284=D 


Oy } Wh _ 4 
,00000023 + HO 
98600 6006000860 5 
,00000023 8 Fe e 22 
T. e 200000008 — 
Divifor ,00000031 
Firſt r = 1, 8 , 


a : ,00000008 


— —— — 


N New wy. : 100000008 
which being duly involved, in the ſame Order as the Model de- 


notes, and multiplied into the reſpective Co-efficients, * then 


produce theſe Numbers, 

Viz. 1, 9563638967 + 1641 11685 + 688334 16066289ee = 2 
Then 16411 168e+688334.16066289ee=4,0436361033 
And, 200000023842 +2e=,00000000000000063393=D 

D 4 
* 7 = - 
eren Less gf T by 


e £ #2 
; ,0000002384 480 (,00000000263 = =s 
+ e = ,00000c0026 


- 15993 


Diviſor ,000000240 1440 
Diviſor ,0000002410 9330 
| 7230 


Ooo | Laſt 


—— — — — at el. — . 
« 5 — oct — - 3 . n 2 
* aid - Fe. — 
_ a — A — 0 
n 
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Laſt r = 1,00000008 | 
+ e= ,00000000263 


6 et... 
— 


1— —„ 


New r = 1,0000000826 3 | 
I take only 1,0000000826 = r; the which being involved, and 
ordered as before, will produce theſe following Numbers, viz. 
1299950368 4867 ＋ 16773028: ＋ 70351267454084ce =2 
Then 1677 30286 + 7035 126745408 4e = ,000496315133 
»0000002384186e ＋ ee = 00000000000000000705481443=D 


Conſequentl — = 
| 0 ” . | ET 5 


y00000000000c00000705481443 = D . 
,0000002 384 186 47686 (,00c0000000295-=e 
+ & = ,00000000002095 — 15 


* 5 2236214 

Diviſor ,00000023843z 2146023 

To 
Es 11922405 


Diviſor ,0000c02384481* 


. 420967 3800 (879 = e 
Here I deſiſt forming a and 48 589 
new Diviſor and make uſe _————— 
of the Abridgment, | 18915320 
| 7 | 1669136 
5 222396 
Laſt r = 1,0000000826 214599 


| + e = $0000000000205879 — 


ia | ,000000082629 5879 


This Value of à = 1,0000000826295879 is the Geometrical 
Mean betwixt 2 and 1, as was required; (agreeable to that before 
found, by twenty-three ſeveral Extractions.) And by this Me- 
thod of proceeding, may be found the Mean betwixt 10 and 1, 
vix. 1,00000006862238, or betwixt any other of the (before-men- 
tioned) Prime Numbers and Unity, as might eaſily be ſhewed. But 
for Brevity Sake, I ſhall omit giving more Examples thereof, this 
one being ſufficient (eſpecially to the Ingenious) if well conſidered, 
and but once underitood, to ſhew the Nature of, and Manner 
ho to proceed upon the like Occaſion, of finding any propoſed 

EE fe =, Mean, 


tt PF DA ﬀoo 
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Mean. The next Thing will be to find the Logarithm of the 


Number from whence ſuch Mean was produced, which may be 


thus performed, 5 ES 
Firſt, find its correſponding Arithmetical Mean, or Logarithm, 


by Proportion (as in Page 462.) Then multiply that correſpond- 
ing Mean, ſo found, into the Index Number of ſuch Power as 


the Geometrical Mean was produced from; that Product will be 


the Logarithm of the given Number (without a continued Dou- 
bling and Redoubling, as before.) For the clearing of this, let it 


be required to complete the Logarithm of 2. - 

Having firſt found 1,00020006862238, the proper Geometri- 
cal Mean betwixt 10 and 1; alſo its correſponding Logarithm 
,000000029802 32 (as before directed) with them, and the Mean 
betwixt 2 and 1, laſt found, wiz. 1, ooooooo 826295879; make 
uſe of the above- mentioned Proportion (as in Page 463.) viz, 

6862238: 2980232 : : 826295879 : 358855729 
To which prefix ſeven Cyphers to complete it (as before.) Then it 


will become ,0000000358855729, This Number being multi- 
plied into the Power of 4 (what that is, ſee Page 465.) will pro- 
| duce the Logarithm of 2. ” 


viz, 0000000358855729 x 8388608—0,30103000391352 
But according to the firſt Deſign, it is required to have but ſeven 


Places, viz. 0,3010300 ; which is the true Logarithm of 2 without 


any Defect. 


Thus I have preſented you with a new and expeditious Method 


of making Logarithms; which if they were required to fourteen 
or fifteen Places (I can modeſtly ſay) they might then be made 
with one twentieth Part of the Time and Trouble required by 
the firſt Method, V' . | 
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METHOD III. 


Log. Nat. Num. 
log 7943282347 
„8 6.3095734450 
o, 7 5011872336 
o, 6 3.98107 1706 
Jo. 5 3.162277666| 
o, 4 2.5 11886432 
0,4: 4199362316 
0,2 1.584893193 
Ol 1J1.258925412 
lo, og 1. 230268771 
0,08 1202264435 
o,o [1174897555 
| 0,06 1.148 153621 
o, ũ 5 1122018454 
0,04 11.096478 196 
$o-03 F1-071519305| 
| 0,02 1.047 128548 
o,o þ|1.023292992 
0,009 1.020939484. 
0,008 1.018591385 
0,007 1.016248694 
4 0,006 1.013911380 
lo, oog 1011579454 
0,004 1.0925 2886 
(0,003 1.00693 1669 
0,002 1.004615794 
0,001 1.002305 238 3 
r 
o, ooo 1. 002074475 
0,0008 1.00184 3766 
o, ooo [1.001613109 
0,0006 1. 01382506 
10,0005 1001151956 
0.0004 1 1.000921459 
0,0003 1. 00691015 
0,0002 1. ooo460623 
ſo, ooo [1.000230285 | 


— 


ing to a Logarithm, by Multiplication only. 


Log. 


4 


0,00009 
0,00008 


 {0,00007 


0,000006 
©0,00005 
0,00004 
©,00003 


| ©, COOOZ 


O,00001 


_ __—_— 


0,000009 


| 0,000008 


0,000007 
0,000006 


| [0,000005 


.0,000004. 


| 0,000003 
| 0,000002 
10, 000001 


PR — 


0,0000009 
0,0000008 


| 0,0000007 
| 0,0000000 
O, OOOOOO 5 | 


0,0000004. 


o, oooooo3 


O, 0000002 


O, 0000001 
0,0000009 
_ 10,0000008 


O, 0000007 | 


|  [0,0000006 
[0,0000005 
| 0,0000004 
| [0,0000003 


0,0000002 
o, oc 00001 


* 
— — 


A New Table of Logarithms. Compo d by Mr. LonG. Finding 
the Logarithm by Diviſion only, and the Natural Nu 


mber belong- 


Nat. Num. 


1.000101194 


| 1.000138 165 
1.000115 130 
1.000092106| 
| 1.000009080| 


1.00004605 3 


| 1.00002 30264 


1. 00015421 


1. 000 16118 
1. 000138 16 


| I. COCOOGgZ IO 


| | .oo000460g 


I.00000161 1 
1.000001 381 
1. 00000115 
1.000000921 
t .oooooo6g0 


* 


|1.000000460 | 
1.000000230| 


A... "| Gy - + I; 


1.000000207 


1.000000161 
1.0000001 38 
1. 00000115 
1.000000092 


1.000000046 
1 .00C00002 3 


1.000207254| 
| 1.000184224 


1.000020724 | 


1.000000908 | 


1.000002072 | 
1.000001842 | 


1.000000184 | 


1.000000009 | 


| 


5 


, 
* 


" —_ a 


'This 
4-143 


„ 2 — th Mat. es nt. 
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Contruction of Logarithms. - 


This Table 1 ſometimes make uſe of for finding the Logarithm 
of any Number propos'd, and vice verſa. Suppoſe I had . 
to find the Logarithm of 2000. I look in the firſt Claſs of my 
Table (the whole Table conſiſts of 8 Claſſes) for the next leſs to 2, 
which is 1.995262315, and againſt it is 3, which conſequently is 
the firſt Figure of the Logarithm ſought. Again, dividing the 
Number propos'd 2, by 1.995262315 the Number found in the 
Table, the Quotient is 1.902374467 ; which being look'd for in 
the ſecond Claſs of the Table, and finding neither its Equal, nor a 
| Lefs, I add © to the Part of the Logarithm before found, and 
look for the ſaid Quotient 1.00237 4467 in the third Claſs, where 

the next leſs is 1.002305238, and againſt it is x, to be added to 
the Part of the Logarithm already found; and dividing the Quo- 
tient 1.002374467, by 1.002305238, laſt found in the Table, 
the Quotient is 1.000069070 ; which being ſought in the fourth 
Claſs gives o, but being ſought in the fifth Claſs gives 2, fo that 
o2 is to be added to the Part of the Logarithm already found ; 
and dividing the laſt Quotient by the Number laſt found in the 

Table, viz. x.coo04605, the Quotient is 1.000023015, which 
being ſought in the ſixth Clats, gives 9 to be added to the Part 
of the Logarithm already found: And dividing the laſt Quo- 
tient by the new Diviſor, viz. 1.000002072, the Quotient is 
I,000000219, which being greater than 1.00000115 ſhews that 
the Logarithm already found, viz. 3.301029 is leſs than tbe 
Truth by more than half an Unit ; wherefore adding 1, you have 


. Briggs Logarithm of 2000, viz. 3. 30 10300. 


If any Logarithm be given, ſuppoſe 3. 30 10300, throw away 
the Characteriſtic, taen over againſt theſe Figures 3. 0 1. 0 
. o, you have in their reſpective Claſſes 1,9526231. 
15002305238 .᷑ O. . 1, 0069080. 0. . . o which 
multiplied continually into one another, the Product is 
2.0000000 19966, which, by reaſon the Characteriſtic is 3, becomes 
2.000,0000 19960, Oc. that is, 2000. the Natural Number deſired. 
I ſhall not mention the Method by which this Table is fram'd, 
| becauſe you will eaſily ſee that from the Uſe of it. 


P 


It is obvious to the intelligent Reader, that theſe Claſſes of 
Numbers are no other than ſo many Scales of mean Proportionals : 
In the firſt Ciaſs, between 1 and 10; fo that the laſt Number 
thereof, viz. 1,258925412 is the tenth Root of 10, and the relt in 
order aſcending are the Powers thereof. So in the ſecond Claſs, the 
laſt Number 1,023292992 is the hundredth Root of 10. and the 
reſt in the fame Manner are Powers thereof. So 1.002325238 in 
the third Claſs, is the tenth Root of the lat of the ſecond, and 
PE F 85 2 


— 


— 
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the reſt its Powers, &c. Or, which is all one, each Number, in 
the preceding Claſs, is the tenth Power of the correſponding Num- 
ber in the next following Claſs: Whence tis plain, that to con- 
ſtruct theſe Tables requires no more than one Extraction of the 
fifth or ſurſolid Root for each Claſs, the reſt of the Work being 
done 850 the common Rules of Arithmetick. 


f x * 


MET H b D Iv. 


Their Conſtruction, according to tu | Hles given, by 
many Extractions of Roots, is tedious ; ; the beit vv * yet known 
is this which follows, 


To make a Table of Logatfithms. 


Firſt, Put for the Logarithm of 1, a Cypher for the Index, and 
2 competent Number of Cyphers for the Logarithms, according to 
the Number of Places you would have your Logarithms conſiſt of; ; 
for 10 an Unit, with the ſame Number of Cypbers; z for 100, 2, 
with as many Cyphers ; for 1000, 3, with as many Cyphers, &c. 

Secondly, Find the Difference between ſome two Logarithms a- 

bove roco, or rather above 10000, that differ by Unity; 3 thus 
multiply the two Numbers together, and that Product you muſt 
multiply again by 43429448 190325183896 * which laſt Pro- 
duct divided by the Arithmetical Mean between both N — 
the Quotient is the Difference ſought, _ 

' Suppoſe we would find the Difference between the Log. 10000, 
and 10001, the Product of theſe two Numbers is 1. 00 10000. which 
multiplied by 4.34.3 produces 43434343; this divided by 10000. 5, 
quotes 4343. Now if to the Logarithm of 10000, which is 
| 4-0000000, you add the Difference before found, to wit, 434, the 
Sum 4.00004 24 is the true Logarithm of 10001 to 7 Places. 
Thirdly, Having thus found the Difference of any two Logarithms 
differing by Unity, and conſequently ſome of the Logarithms, by 
dividing the Difference found by the Arithmetical Mean, between 
any two Numbers differing by Unity, you ſhall have the Diffe- 
rence of the Logarithms of thoſe two Numbers. 

Thus to find the Difference betwixt the Logarithm of 274, and ; 
275; divide 4343, the Difference of the Logarithm of 10000 and 
10001, by 2745, the Quotient 15821, is the Difference ſought. 

Fourthly, Having by this Means found a few of the prime Lo- 

_ garithms, the reſt are made by 2 and Subtraction, and hav- 


ing 


bie is ths Subtangent i the Curve exprefſing 1 $ Legarithme, Ser Keil's 
Tris. Pag. 1255 1405 S.. A 
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ing made the Canon upward, above 1000 to 10900, by Conſe- 
quence it is made for all inferior Numbers. | | 
The prime Numbers to which Logarithms muſt be found, in the 
firſt Place, are theſe, 2. 3.7 11. 13.17.19.23.29. 31. 37. 
41. 43.47. 53+ 59 61. 67. 71. 73. 79. 89. 97, &c. or 
the ſame Numbers with Cyphers. e 
Hut ſince it was very tedious and laborious to find the Loga- 
rithms of the prime Numbers, and not eaſy to compute Logarithms 
y Interpolation, by firſt, ſecond, and third, c. Differences, there- 
fore the great Men, Sir {ſaac Newton, Mercator, Gregory, Wallis, 
and laſtly, Dr. Halley, have publiſhed infinite converging Series, 
by which the Logarithms of Numbers to any Number of Places 
may be had more expeditiouſly and truer : Concerning which Se- 
_ Ties, Dr. Halley has written a learned Tract, in the Philoſophical 
Tranſactions, wherein he has demonſtrated thoſe Series after a new 
Way, and ſhews how to compute the Logarithms by them. But 
I think it may be more proper here to add a new Series, by Means 
of which may be found, eafily and expeditiouſly, the Logarithms 
of large Numbers, „ 8 „ 
Let & be an odd Number, whoſe Logarithm is ſought; then ſhall 
the Number 2 — 1 and z + 1 be even, and accordingly their Lo- 
garithms and the Difference of the Logarithms will be had, which 
let be called y : Therefore, alſo the Logarithm of a Number which 
is a Geometrical Mean between z — 1 and z + 1 will be given, 
vz. equal to the half Sum of the "5, TON Now the Series 
8 1 7 „ 2 
07 yg 3 36025 "= 15120Z7 * 2520029 ws ſhalt 
7 equal to the a eee of the Ratio, which the Geometrical 
Mean between the Numbers z—1 and z-+1, has to the Arithme- 
tical Mean, viz. to the Number z. 


8 898 
If the Number exceeds 1000, the firſt Term of the Series & is 
ſufficient for producing the Logarithm to 13 or 14 Places of F i- 

gures, and the ſecond Term will give the Logarithm to 20 Places 
of Figures. But if z be greater than 1coco, the firſt Term will 
exhibit the Logarithm to 18 Places of Figures; and ſo this Series 
is of great Uſe in filling up the Logarithms of the Chiliads omit- 
ted by Briggs. For Example; It is required to find the Logarithm 
to 20001, The Logarithm of 20000 is the ſame as the Logarithm 
of 2, with the Index 4 prefix'd to it; and the Difference of the Lo- 
pena oe of 20000 and 20002, 1s the ſame as the Difference of the 
Logarithms of the Numbers 10090 and 10-01, vi. 0.00004 3427 
27687. And if this Difference be divided by 4z, or 80004, the 


3 : Quo- 


" 8 
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—— Cs 


Quotient 2. 7 ſhall be — ——— . 00000 0000542813 


42 wh 
And if the Logarithm or the Geometri- 4. 30105 1709302416 
cal Mean be added to the Quotient, the . 


Sum will be the Logarithm of 20001. 4. 30105 1709845230 | 


| Wherefore it is manifeſt, that to have 


the Logarithm to 14 Places of Fi igures, there is no Neceſſity of 


continuing out the Quotient deyond 6 Places of Figures. But if 


you have a Mind to have the Logarithm to 10 Places of Figures 


only, as they are in Vlacg's Tables, the two firſt Figures of the 
Quotient are enough. And if the Logarithms of the Numbers a- 
bove 20000 are to be found by this Way, the Labour of doing 


them will moſtly conſiſt in ſetting down the Numbers. Note, This 


Series is eaſily deduced from that found out by Dr. Halley; and thoſe 


who have a Mind to be inform'd more in this Matter, let them 


conſult his above-n am'd Treatiſe. 


| 7 Mr. 17 ARD's 56 Method of 3 the Canon of 3 


Sines, Tangents, &c. 5 
F I R $T; let me premiſe two Things, that the Periphery of 2 


Circle, whoſe Radius is Unity or 1, is 6.283185, &c. and 
that the natural Sine of one Minute doth fo inſenſibly differ from 
the Length of the Arch of one nee, that it — be taken for | 


the ſame. 


- As FY Periphery in Ae : as to the 


Conſequently, J Periphery in equal Parts of the Radius: 


to that Minute. 


That: is, PTL! 2 6,28318 5: : '.: 0,000200888 — — the Na- 
tural Sine of one Minute; which agrees with the largeſt Table of 


Sines I ever ſaw. 
Having thus got the Sine of one Minute, its Co-ſine may be 
thus found: 


Suppoſe 


ſo is one Minute : to the Parts agreeing 


Tam ＋7 Sines 5 Sc. 


"i ppoſe RA= RS the Radius of any Circle, SN=the Sins of the 
Arch SA. Then RN = CS is the Co- 


Sine of that Arch. But . RSA 5 
„ EA ently 
/ O RS—OSN=RN. EE TP 
That is, From the Square of the „ 
Radius, ſubtract the Square of the | 
Sine of 1“, the ſquare Root of the | 
Remainder will be the Co-Sine of | | 
1', per Chap. . Prop. 1. In Numbers, | 8 
the Sine of 1' is 000290885, its Square (| NA 

is 0,000000084612; and I — 


0,000000084612 = o, 999999915388, the ſquare Root thereof 
1s ,99999995 = the Co- Sine required, 


The Sine and Co-Sine of one Minute being thus obtain'd, all 
the reſt of the Sines in the Quadrant may be graduall calculated 

by Mr. Michael Dary's Sinical Proportions 3 ; which 1 ſhall here 
inſert, to the ſame Effect as they are in his Miſcellanies; and 


then explain and demonſtrate the Truth of thoſe Proportions, 
If a Rank of Arches be equi- different; 4 


As the Sine of any Arch in that Rank: is to the Sum of the 
. of any two Arches equally remote from it on each Side: 
Then] 5 fo is the Sine of any other Arch in the ſaid Rank : to the you 


of the Sines of two Arches next it on each Side; having the 
ame common Di ance. 


5 Immediately after theſe Proportions, he lays down the follow- 


ing /Equations. 


Three Arches equi-different being a ; if (faith he) you 
put Z = the Sine of the great Extreme, y = the Sine of the Jef 
Extreme; 47 = the Sine of the Mean; m = ef Co- Sine thereof; 


D = the Rio of the common Dilreencs: : d = the Co- dine there- 
of; and R = the Radius. 


1. Then Z * 7 Le 2. Then 3 


— —— 


R 
M3: di D. Z. Md\-mD. 
e ee T 
” Then 27 — * 4. Then 3 IIIb 


From the foregoing it is evident (ith he) that if two T hirds, | 


viz. either the former or latter 60 Degrees, or the former 30 Degr. 
and the latter 30 Degr. of the Quadrant be completed with Sines; 
the remaining Part of the Quadrant may be completed by Addi- 
tion, or Subtraction only, 


P P P Thus | 


4 Mating Sines, &c. 


Thus far is from the ingenious Mr. Dary, concerning theſe ex- 

cellent Proportions; e Fi 
the Truth whereof 1 

| ſhall thus demonſtrate. 


— 


Iu nies ir on i, oe „ — * — a 


In the annexed Cir- 
cle DA da are Dia- 
meters, fh=ha=ab= 
be, are equal Arches. 


. 


- 4 \ gr s 


Draw / 7 parallel to 1 
4; then will N 13 13 

Lf. And the Ada c, : $7 3 
| like the A G fe, being 5 : D T7 _ 1 , 
both right-angled at c 1 — 
and e. and . d . e . 
becauſe ſubtended by 2 "TIE 
the equal Arches acand Wl 


4. | „„ 

4 = Thereſore do: d Gf: W -. 
Conſequently ada: de:: 20: Ge. But Hhz=Gf, whence HMH 
V, and + da = the Radius, d E r dc. Therefore it will be, 

* Radius:2dP=::HM=4iGf:GN+Ne=CN+ Lf. That 

| is, as the Radius: is to twice the Sine 4 P:: ſo is the Sine HMM: 

| to the Sum of the two Sines GNand FL I. Q. E. D. 
I ſhall now explain theſe Proportions, and ſhew how they may 
be applied in Practice: Having the Sine of one Minute, and its 
Co-Sine as before; let the Radius be made the mean or middle 
Term between thoſe two Extremes; then the Proportions will run 


As the Radius: is to the double Co-fine of one Minute:: ſo 
is the Sine of one Minute to the Sine of two Minutes: 
and fo is the Sine of 2 :: to the dum of the Sines of 3 
| andr':: and fo is the Sine of 3: to the Sum of the 
„% Os | ve eo ny 3 
And ſo on in a ſucceſſrve Order, from Minute to Minute. 
And then, if from the Sum of the Sines of 3 and 1 be taken 
the Sine of 17, the Remainder will be the Sine of J' : And the like, 
if, from the Sum of the Sines of 4 and 2', be taken the Sine of 2, 
there will remain the Sine of 4, &c. 
| Proceeding on by this Method, all the Natural Sines in the Qua- 
drant may be eaſily calculated by Addition and Subtraction only. : 
Far the Radius, or firſt Term in the Proportion, being 1,0060000 4 
5 or 1 


2 33K err reed Be: 4 Ah — — —— 6 
„ „ 


1 —— 1 n 1 


caſſed Degrees; and each Degree 


ſured by the Number of Degrees it 
contains. | | 


Line connecting the Extremities of 


— — — 


ſo avoided. For, by the Help of that Tariffa, the whole Work 


may be perform'd by Addition and Subtraction, until all the Sines 


are gradually made. 


Thus you have an eaſy Way of ning the Canon of Sines; 
Secants may be found 


which being once done, the Tangents an 
by the following e 
| As the Co-fine of any Arch: is to the Sine of that Arch :: 


7 nen ſo is the Radius: to the Tangent of the ſame Arch. 


That is, by the firſt Scheme of this Problem 


RN: N:: RA: TA. And RN: RS:: RA: RT = theSecant 
of that Arch. Re | e nt 


8; 4 4 £ PREY 4. r 
— a. * — 


Plane Trigonometry. 
DEzFIN1TIONS 
1. & Circle js ſuppoſed to be di- 
vided into 360 equal Parts 


into 60 equal Parts, called Mi- 
nutes; and each Minute into 60 


Plane Trigonometry, 475 
or Unity, Diviſion is wholly avoided : And becauſe the ſecond 
Term in the Proportion varies not, if a Tariffa, or ſmall Table be 
made thereof, to all the nine Digits, then Multiplication is al- 


equal Parts, called Seconds, &c. 
Any Portion of whoſe Circumfe- 
rence is called an Arch, and is mea- 


2. A Chord e a ſtrait 


an Arch; as BE is the Chord of the 
Ahh nfs nd 


3. A Sine (or Right · ſine) is a ſtrait Line drawn from one En F 


of an Arch perpendicular to that Diameter paſſing thro' the other 
End ; or it is half the Chord of twice the Arch; ſo BF is the Sine 


of the Arches BA, BD. And here it is evident, that the Sine of 
90 Degrees (which is equal to the Radius or Semi-Diameter of the 


Circle) is the greateſt of all Sines, the Sine of an Arch greater than 
a Quadrant being leſs than the Radius. | IF 

4. The Difference of an Arch from a Quadrant, whether it be 
greater or leſs, is called its Complement; ſo HB is the Comple- 
ment of the Arches BA, BD; Bl is the Sine of that Complement, 


P pp 2 | and 


5 
| 
| 
: 
| 
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and therefore it is called the Co- ſine, or Sine-Complement of the 


oppoſite to it, and the Hypothenuſe 
AC (or Side oppoſite to the Right- 
angle) its Secant (by Definition 5.) 


3 | * 


* 6 
* * L R 
x 


Arches BA, BD. 


5. The Secant of an Arch is a ſtrait Line drawn from the Cen- 
ter thro' one End of the Arch till it meet with the Tangent, which 
is a ſtrait Line touching the Circle at the Extremity of that Dia- 


meter which cuts the other End of the Arch; ſo CG is the Se- 
cant, and AG the Tangent of the Arches BA, BD : And CK is 
the Co-ſecant, and HK the Co-tangent of the ſaid Arches. 


6. A Verſed Sine is the Segment of the Diameter intercepted 


between the Arch and its Sine: Thus FA is the Verſes Sine of 
the Arch BA, and FD of the Arch BD. 


Wia er Number of Degrees an Arch wants of a gemi⸗ 


Circle i is called its Supplement. 


8. That Part of the Radius which is 8 the Cone and | 


: Sine i is equal to the Co- ſine; thus CF js = IB. 


9. If an Arch be greater or leſs than a | Quadrant, the Sum or 


Bi of the Radius and Co- ſine is equal to the Verſed Sine. 


In a Triangle are fix Parts, viz. three Sides and three Angles : 
Any three of which being given, except the three Angles of 2 


Plane Triangle, the other three may be found either Mechanical- 

Il, by the help of a Scale of equal Parts and Line of Chords, or 
by an Arithmetical Calculation, if, ſuppoſing the Radius divided 
into any Number of equal Parts, we know how many of thoſe 
equal Parts are in the Sine, Tangent, or Secant of any Arch pro- 


pos'd: The Art of inferring which is called , and it is 


either Plane or Spherical, 


Plane Trigonometry is ſolv'd by the OP of four fundamental 
Propoſitions, call'd Axioms. 


Ariom I. | 
In a Right-angled Triangle ABC, 


if one Leg of the Right-angle, as 885 c 
Ag or CB, be made the Radius of a : 


Circle, then ſhall the other Leg CB FN 
or AB be the Tangent of the Angle - | 


But if the Hypothenuſe AC be "x: 18 


mide the Radius of a Circle, then 


will the Legs (or Sides including the 
Right-angle) to wit CB and AB be 


the Sines of the Angles oppoſite (by Definition 3.0 


Upon this Ariom depends the Solution of the ſeven Caſes of 


Right. angled Plane Triangles. | 
9 | Note, 


* a —_—_—— * tat DO" TE EI 
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" Note, That the three Angles of a Plane Triangle make two 
Ri Angles, or 180 Degrees, by 32. 1 Eud. 
or the more eaſy making the Proportions for the Solution of 

Right-angled Triangles, obſerve, that as different Sides are made 
Radius, fo the other Sides acquire different Names, which Names 
are either Sines, Tangents, or Secants, and are to be taken out 
of your Table. 

To find a Side, any Side may be made Radius: Then ſay, as the 
Name of the Side given is to the Name of the Side required ; fois 
the Side given to the Side required, 2 
But to find an Angle, one of the given Sides muſt be made Ra- 
dius; then, as the Side made Radius, is to the other Side; fo is the 
Name of the firſt Side (which is Radius) to the Name of the ſecond | 
Side; which fourth Proportional muſt be found among the Sines 
or Tangents, &c. to be determin'd by the vide made Radius, and 
againſt it is the Angle required. 


The Proportions for the Solution of ſeven Caſes of plane Richt- 


angled Triangles. [See the next foregoing Fig. 
Given cate 1 e | Rad. 32 | 
ABN "|ColiA:S A ::AB:BC. | AC 
A and BC . -: Talk A: AB: BC. | AB 
Ws 6 | Co-t A: R — AB: BC. BC | EN 
AS] 7 0nA: . Ty 
Aand AC] R: Sec. * : AB: AC. | AB [2 
1 | Tan. A : Coſe. A AB: AC. = 2 
'ABis Aa. AB1. 2G £6 : Tan, A, AB 54 
| and þ Complement is C. 2 
BC] C | BC: AB „ N Tan. C. BC}. 3 
oY | Complement is A. . DER, | I 
AB "AB: BC:: R: Tan. A; then| AB 8 
BC ACI Coſi. A: R : AB: AC, or e 
„ DO AB+OBC: =AC(per ay. 5 
3 3 ME Sn 
AB |Aandj} AC: BC::R: Torn, * . 4 "Is 
AC| C AB: AC:: R: Secant A. AB:1--- 
ABT AC: AB R : Coli A; then A 
ach 0 R: Tan. A:: AB: BC, or AB 6 
* Aa: == BC; | . | 
AG}: Cola AG: Ab AC. 
Aand] AB Sec. A: R „ an | 7 
Kerr, "rc xn BC | 
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REES Axiom II. 
In any Triangle the Sides are proportional to the Sines of t 
oppoſite Angles. Toy” Lag | „ the 


96—— ö 


Demonſtration, 


polite to-thoſe Legs is to the Tangent of half their Difference. 
3 Demonſtration, 
In the Triangle ABC * 1 
produce CB, the leſſer *& 5 
Leg of the Angle B, till 8 
BD becomes = BA, the 
greater Leg, and then 
biſet CD in E; join 
 ADand biſe& it alſo in 
8. 1 Eud, El.) will be | —. 2 TIN 
perpen. to AD; and a: B E „„ D 
draw EF, which (by 2. 6 Eucl. Elem.) will be parallel to AC. 
Then will the Angle ABF = FBD = + ABD, which external 
Angle ABD is (by 32. 1 Eucl. Elem.) = BAC + C, that is, to 


— 


the Sum of the oppoſite Angles required. _ beer 
Draw then BG farallel to CA, fo will the Angle GBA be (by 20. 
1 Eucl. Elem.) equal to its alternate one BAC; and if from half the 


Sum 


4 », * « " 25 228 ” 
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Sum of the oppolite Angles you take the leſſer Angle, i. e. If from 
I. ABF you take the 20 GBA, there will remain ZGBF =half the 

Difference of the oppoſite Angles: And fo alſo, if from CE half 
the Sum of the Legs, you take CB the leſſer Leg, there will remain 
BE equal to half the Difference of the Legs. And thence, ſince the 
AABF is Right-angled, if BF be made Radius, AF will be the Tan- 
gent of LABF (i. e. the Tangent of half the Sum of the oppoſite An- 
gles); and in the little A GBF, FG will be the Tangent of the Z 
SBF i. e. the Tangent of half the Difference of the oppoſite Angles): = 
But the Segments of the Legs of any Triangle cut by Lines parallel 
to the Baſe, being (by Schz/. to 2. 6 Eucl. El.) proportional; EC: EB 
2: FA: FG; that is in Words, half the Sum of the Legs is to half 
their Difference, as the Tangent of half the Sum of the oppoſite 
Angles is to the Tangent of half their Difference : But Wholes 
are as their Halves ; wherefore the Sum of the Legs is to their Dif- 
ference, as the Tangent of half the Sum of the * oppoſite is 
to the Tangent of half their Difference. Q. E. P. 
: . . 
The Baſe, or greateſt Side of any 
Plane Triangle is to the Sum of 
the Legs, as the Difference of the 
Legs is to the Difference of the Seg- 
ments of the Baſe made by a Per: 
pendicular let fall from the Angle 25 A 2 


„ene 


oppoſite to the Baſe, * . 
Wemonſtration. . 
From the 4. B, on the Baſe AC, * .. 
of the A ABC, let fall the Per- T6 S 
pendicular BD ; on B, as a Center, with the greater Leg BC, as a 
Radius, deſcribe the Circle BxCyZ; and produce AB to and v. 
and CA to Z. Then, by the 35. 3 Eucl. Elem. Ay x Axis = AC 
X AZ; viz. : BC—BA: X: BC+BA: = AC x: DC-DA: 
therefore AC: BC+BA : : BC - BA: DC - DA. Q. E. D. 
Otherwiſe, let the Difference of the Squares of the Sides BC and 
AB be taken and divided by the Baſe AC, the Quotient:ſhall be 
the Difference of the Segments of the Baſe aforeſaid : Or, ſquare 
all the 3 Sides, and deduct the Square of one of the leſs Sides out 
of the Sum of the other two Squares, divide half the Remainder by 
dhe longeſt Side, the Quotient is the Alternate Segment of the Baſe. 
| The Proportions for the Solution of the ſix Caſes of Plane ob- 
D lique Triangles. {See the laft Fig.] Nees 
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| In any Triangle the Sides are proportional to the Sines of the 
| | oppoſite Angles. A e OT 
[ ©  DHemonlfrarion, Sys 
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A” B — =O | rol — AD 7 


Produce the leſſer Side of the Triangle ABC, to wit AB to F, 
making AF=BC:: Let fall the P erpendiculars BD, FE, upon the 
Side CA produc'd if Need be; then will FE be the Sine of the An- 

gle A, and BD the Sine of the Angle C, to the Radius BC AF. 

Now the Triangles ABD and AF E, having the ( A common 

to them both, and the . D =  E = to a Right-angle, are ſimi- 

lar; wherefore (by 4. 6 Eucl. Elem.) AF (BC): AB:: FE: BD; 
vi. :: Si. A: Si. C. 2, E. D. Otherwiſethus; by Ax. I. AB: 

R:: BD: Si. A, and BC: R:: BD: Si. C; therefore AB x Si. 
A(=R x BD) = BC x Si. C; wherefore AB: BC : : Si. C: 
WR OT” OR 

+ Axiom III. | 


| The Sum of the Legs of any Angle of a Plane Triangle is to 
their Difference, as the Tangent of half the Sum of the Angles op- 
polite to thoſe Legs is to the Tangent of half their Difference. 


— 


enen. 

In the Triangle ABC * 5 

produce CB, the ener "> © . 

Leg of the Angle B, till W.. 8 

BD becomes = BA, the et TE 

greater Leg, and then NS 

biſet CD in E; join We N : Fes 
AD and biſe& it alſo in £3 

F; draw BF, which (by FVV 
8. 1 Eucl. El.) will be Fs | — ES 


perpen. to AD; ang 755 
draw EF, which (by 2. 6 Eucl. Elem.) will be parallel to AC. 
Then will the Angle ABF = FBD = + ABD, which external 
Angle ABD is (by 32. 1 Eucl. Elem.) = BAC + C, that is, to 
the Sum of the oppoſite Angles required. EI 
Draw then BG parallel to CA, ſo will the Angle GBA be (by 29. 
1 Eucl. Elem.) equal to its alternate one BAC; and if from N 
1 | | u 


» 
lh 3 * 223 2 


Plane Trigonometry. 479 
Sum of the oppoſite Angles you take the leſſer Angle, i. e. If from 
L ABF you take the 2. GBA, there will remain ZGBF =half the 
Difference of the oppoſite Angles: And fo alſo, if from CE half 
the Sum of the Legs, you take CB the leſſer Leg, there will remain 
BE equal to half the Difference of the Legs. And thence, ſince the 
 AABF is Right-angled, if BF be made Radius, AF will be the Tan- 
gent of LABF (i. e. the Tangent of half the Sum of the oppoſite An- 
gles); and in the little A GBF, FG will be the Tangent of the Z. 
GBF i. e. the Tangent of half the Difference of the oppoſite Angles): 
Hut the Segments of the Legs of any Triangle cut by Lines parallel 
to the Baſe, being (by Schol. to 2. 6 Eucd. El.) proportional; EC: EB 
:: FA: FG; that is in Words, half the Sum of the Legs is to half 
their Difference, as the Tangent of half the Sum of the oppoſite 
Angles is to the Tangent of half their Difference: But Wholes 
are as their Halves; wherefore the Sum of the Legs is to their Dif- 
ference, as the Tangent of half the Sum of the * oppoſite is 
to the Tangent of half their Difference. 2, E. P). 
The Baſe, or greateſt Side of any 
Plane Triangle is to the Sum of 
the Legs, as the Difference of the 
Legs is to the Difference of the Seg- 
ments of the Baſe made by a Per-; 
pendicular let fall from the Angle 25 
oppoſite to the Baſe. 
Demonſtration. J. 
From the 4. B, on the Baſe Ac , . 
of the A ABC, let fall the Pe rr“ “ 
pendicular BD; on B, as a Center, with the greater Leg BC, as a 
Radius, deſcribe the Circle BxCyZ; and produce AB to x and v. 
and CA to Z. Then, by the 35. 3 Eucl. Elem. Ayx Ax is = AC 
X AZ; wiz. : BC BA: xXx: BC BA: AC x : DC- DA: 
therefore AC : BC BA:: BC — BA: DC — DA. Q. E. D. 
Otherwiſe, let the Difference of the Squares of the Sides BC and 
Ag be taken and divided by the Baſe AC, the Quotient ſhall be 
the Difference of the Segments of the Baſe aforeſaid : Or, ſquare | 
all the 3 Sides, and deduct the Square of one of the leſs Sides out 
of the Sum of the other two Squares, divide half the Remainder. by 
the longeſt Side, the Quotient is the Alternate Segment of the Baſe. 
| Tue Proportions for the Solution of the {ix Caſes of Plane ob- 
| lique Triangles. [See the la Fig. 
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N. B. 1}, If the given Angle be Obtuſe, the W . then are each Acute, 
2dly, 1 the Side oppoſite to the given Angle is longer than the Side oppoſite to the 
Angle fought, then is the Angle ſought Acute; but if ſhorter, then is the ſaid Angle 
doubtful, and may be either Acute or Obtuſe, becauſe both the Sine and its Comple- 
ment to two Right Angles are the ſame: Wherefore to be certain of what Quality the 
Angle oppoſite to the greateſt Side is, Take the Sum and Difference of the greateſt 
Side and Middle (or leaſt) and their Logarithms, if the half of them be equal to the 
Logarithm of the third Side, the Angle oppoſite to the greateſt Side is a Right Angle; 
but if the Logarithm of the third Side be greater than the half it is Acute, if leſs, it 


3s Obtuſe : Or, without Logarithms, multiply the ſaid Sum * the Difference above- | 
laid, and extract the Square Root, 


Equal to Right 3 
Which if 12 Greater than | he third Side, then i is the preatet gt Obtuſe e | 
8 8 — than Acute 3 
AB TT AB: BC :: Si. T: Si. A 


BC{A © Hence, by SubtaQion, the * B will bes +1 2 
and C known. — 4 


Isi. A: Si. B : 50. AC. * 
„ $i. C: BS: AB. | 2 


* 
* 7 5 * 


TBCTASE : IB BOARD: Ten. J den r 
An.. Aa a Ls oppoſite : Tan. 2 Differencet |} 
BC 6 of the s oppoſite. | Then 2 : Sum E44 4 


2 greater . A; and 2 * Sum 1 
2 Difference — leſſer £4 C. WS | Jo | 5 
Fit, find the Angles by the laſt; "= 
K then Si. C: Si. B:: AB: AC. "4: 2+ 


5 

BC 1 
KF [ANNETTE PDT 
BC A | Then? LAC +4 Do- + DA = DET + 
AC| B lands AC -: DS DAS DPA.“ | 6 
55 Then AB : AD::R: Coli. A. — 1 

I And CB: DC:: R: Coſi. C. 1 

And 180 — 4 A—LC=LB. | | 


Or more readily at one Operation. | 
| 1 half the Sum of the Sides ſubduct each particular Side, and let the Sum of the 
Logarithm of the half Sum and Difference of the Side ſubtending the enquired Angle be 
ſubducted from the Sum of the Log. of the other Difference and the doubled Radius, 
half the Remainder ſhall be the Log. of the Tangent of half the enquired Angle. 
e to this Axiom in Gellibrand's Trig. Britannica, p. 46. 
Ai. the Rectangle of balf the Sum of the Sides and the Difference betæveen that half Sum 
and the Side oppoſite to the Angle required, is to the Rectangle of the other two Remainders; 
ſo is the Square of Radius to the Sgtore of the Tangent of baif the Angle ſought. 
Ex Angulis latera, vel ex lateribus Anguios & mixiim in Triangults tam planis quam 
Sphericis afſe 2 Summa Gloria Mat hematic NM nim Calum & Terras & Ma- 
ria felici & udmirando calculo menſurat. BY ri Fran. Vieta. 
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— how formed 2097 
their Property 317 


—=— their Areas found 404 
—— the ſame gauged 435 


Parallelopipedon 402 
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| Parallelopipedon its Content 
414 
—— how gauged 444 
Parameter Right 364 


Penſions, in Arrears computed 


at Simple Intereſt 


248 


at Compound Intereſt 266 : 
Penſions, their preſent Worth 


| 0 at Simple Intereſt 


251 

LD at Compound Intereſt 268 
Pentagon | 290 
—— how formed 299 


—— inſcribed in a Circle 343 


— its Area found 


| Perimeter of a Triangle 

— of a Square 

Periods of 8 
—— of Powers 
Periphery. See Circumference. 
n | 


—— how let fall 


—— how raiſed 
Pipe, how gauged | 


Plane Geometrical 


— Parabola | 


Hyperbola 
Point Geometrical | 


2 
In Plano, to deſcribe an Ellipſis 


344 


326 
407 
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Points, to defcribe an Ellipfi by 


—— a Parabola 
a Hyperbola 
Palyoras regular 


— how deſcribed | 
their Areas ſound 


Plot irregular _ 
Powers 


Prime Numbers 
Priſm 


— — . 


— its Content ſound 
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Problem — 291 
Product — 14 


Progreſſion Arithmetical 73 
Geometrical — 76 


Proportion Continued 76 
—— Disjunt. See Golden 
Rule. 


Proportion Compound 94 
Duplicate and Triplicate 
192 
Pieper Line, third how 
found - 313 
—— Fourth how found 314 
Pyramid 403 
— its Content found 415 
—— the ſame gauged 443 
Pyramidoid 403 
— its Content found 439 


126 Pythagorick en 308 
Quadrangle 1 
294 Quadrant 287 
55 Quantity 2 
449 Simple and "Cod 
85 n 
— Affirmative and Negative : 
372 145 
384 Queſtions limited and unlimited 
390 176, 327. 
283 Quotient 5 21 
374 Radius — 286 
385 Ratio — 
392 Reciprocal proportion „ 
290 Rectangle Arithmetical 187 
299 — Geometrica! 308 
341 Reduction Deicending 43 
290 —— Aſcending 45 
123 Reduction of Fractions 51 
51 Reduction of Equations 177 
402 Regiſtring, cc. — 145 
414 Relidual —— I 5 
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Reverſions 


Rhombus and Rhomboides 289 


- their Areas found 329 * 
Right-angled Triangle 288 


— its chief Properties 308, 


310 
Right Cone — 362 
Right-line 283 
—— how cut into Extream and 
Mean Proportion 320 
Right Parameter. See Latus 
Kectum. * i 
Gealenbus Triangle ml 
Scholium 291 
Sector of a Circle | "205 
— its Area 406 
Segments of a Baſe 319 
Segment of a Circle 287 


— its Area gauged 444 


Segment of a Sphere 424 


— the ſame gauged 446 


Segment of a Spheroid 427 


Semicircle 286 
— its Property „ 

8 Algebraick 45) 144, and 

227 

 —— Geometrical 301 

Sime „ 

—— their Properties 318 


Sines Natural, calculated 356 


Sliding Rule 


Solid 
Specific Gravity 117 
nos 403 

- its Superficies „ 

— its Content 423 


its Content gauged 445 


Spheroid —— 403 
— its Content 426 
Spindle Parabolick. See Pyra- 
midoid. 
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any Arithmetical 123 
—— its Root extracted 126, 
234 
Ghai imperſect, compleated 
Square Geometrical E. 
— how formed 296 
— deſcribed about a Circle 
296 
Standard for Gold and Silver 
118 
Sterling Money 31 
Steps. See Regiſtring, . 
Subtend — 305 
Subtenſe or Chord 331 
Subſtitution _ | 194 
Subtraction of Integers II 


— of Weights and Meaſures 


41 


—— 3 Vulgar Fractions 54 


—— of Decimal Fractions 60 
— ond Algebraick Integers 


148 
rm ON Algebraick Fraftions 
: 168 
of Surds 172 
Subtrahend — 13 
Superficies or Surface 285 
Surd — — 128 
Firſt Surſolid Root extracted 
135, 239 
Second Surſolid Root extracted 
. 4129 
Tangents Natural calculated 
e drawn to an Ellipſis 
3 
— to a Parabola 385 


—— to a Hyperbola 393 


Tariffa 19 
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Time, its Meaſure 37 
Tranſverſe Diameter 34 
Tranſverſe Axis 365 
Trapezium — 2090 


— inſcribed in a Circle 316 
Triangle c „ 207 


— how formed 296 


including a Circle 298 


— the Sum of its Angles 304 


inſcribed in a Circle 316 


its Area gauged 436 


5 Tilingolath — 441 
Troy Weight "mJ 
Tun, how gauged 447 
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Variation. See Change. 
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Vertex of a Cone 362 
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1 N Poſthumous Word 5 ohn Ward, Aathor of the 
Young Mathematician's GA two Parts, I. Containing his 
'new Method of Navigation by Parallel Parts. By which all Queſti- 
ons in Sailing may be anfwered with great Expedition and Truth, in 
a different Manner from plain Mercator and great Circle Sailing, by 
the Solution of a plane Triangle only. Alſo Compendiums of Prac- 
tical and Speculative Geometry, and of plane Trigonometry. Part 
II. Containing the Doctrine of the Sphere, and the Demonſtrations | 
and Calculations of Spherical 'Trigonometry ; in which the Conſtruc- 
tions of the Figures are new, and drawn ſo as: to repreſent Solids, 
II. An Introduction Geography, - Aſtronomy, and Dialling : 
| Containing the moſt uſeful Elements of the ſaid Sciences, adapted to 
the meaneſt Capacity, by the Deſcription, and Uſe of the Celeſtial 
and Terreſtial Globes; with an Introduction to Chronology. The 
_ 2d Edition, with large Additions. By George Gordon, . 
III. Aſtronomical Dialogues between a Gentleman and. a Lady: 
Wherein the Doctrine of the Sphere, Uſe of the Globes, and the Ele- 
ments of Aſtronomy and Geography are explained in a pleaſant, eaſy 
and familiar Way: With a Deſcription of the famous TORT, called 
the Orrery. By Fehn Harris, D. P. and F. R. S. | 
IV. Arithmetick in the plaineſt and moſt conciſe Method hitherto 
extant; with new Improvements for Diſpatch of Buſineſs in all the 
ſeveral Rules; as alſo Fractions, Vulgar and Decimal, wrought to- 
gether after a new Method, that renders both eaſy to be underſtood in 
their Nature and Uſe. The whole peruſed and approved of by the 
moſt eminent Accomptants 1 in the ſeveral Offices of the Revenues, w7z. 
Cuſtoms, Exciſe, Cc. as the only Book of its Kind, for Variety of 
Rules, and Brevity of Work. By George Fiſher, Accomptant. 

V. A Compendious Courſe of Practical Mathemathicks ; particularly 
. adapted to the Uſe of the Gentlemen of the Army. In 3 Vol. : 
Arithmetick in Epitome ; or, a Compendium of all its Rules, both 5 
Vulgar and Decimal, in two Parts. 

An Eſſay on Bock- keeping, according to the true Talian Method of 
Debtor and Crecitor, by double Entries, wherein the Theory of that 
excellent Art is laid down 1n a few plain Rules ; and the Practice made 
evident and eaſy by variety of intelligible Examples. The Whole in 

a Method new and conciſe, _ 1 

(Theſe three by William Webſter, 72 iting-Maſter En 

VI. A Treatiſe of Algebra, with the Application ot it to a Variety 
of Problems in Arithmetick, to Geometry , Trigonometry, and Conick 
S8 ctions. With the ſeveral Methods of ſolving and conſtructing Equa- 

ro of the higher Kind. Tranſlated from "the Latin of Chriftian 
o fius, Chief Frofeſſor of Mathematicks and Philoſophy 1 in the 3 
. : 0: 14 "ee * in * and F. R. 8. | 
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